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A FIRST LOOK AT THE 
TI PROGRAMMABLE 57 





The calculator you're about to begin using is really straight out of the 
“world of science fiction’’ of just a few months ago. Only the most recent 
advancements in solid-state technology have made it possible to put 
such an easy and fun-to-use bundle of power right in the palm of your 
hand. 


Easy To Use 

A quick look at your calculator will tell you that it's packed with lots of 
keys and features. Introducing you, step-by-step, to each of these keys 
and features is one primary purpose of this book. Above and beyond all 
these features, however, is one overriding characteristic that was 
designed into your T] Programmable 57 right trom the start: It's easy to 
use. It's easy to make it do many things that can be enormously helpful in 
your schoolwork, extremely powerful in your career, and a lot of fun in 
your everyday life. It's designed to be a working tool that, working 
together with the information contained in this book, becomes a system 
for problem-solving and a key to discovery. We hope you'll enjoy using 
and exploring with it. 


STARTING AT THE TOP 
In learning about your machine, let's start right off with the nameplate — 
and a brief look at why we called it what we did: 


TI — The calculator is built by Texas Instruments Incorporated. 
PROGRAMMABLE — As you wil! be seeing in a few seconds, it is easy to 
teach’ your machine to help in solving problems, evaluating formulas 
and building “models” of your world. You can lay down a set of Tracks” 
that the machine will follow as it solves a problem. A word, recognizable 
to some folks. that describes such a machine is already around: 
Programmable". This machine, however, is a new thing — with a whole 
new, easy approach. So il “programmable” is a word that scares you — 
don't let it. Using your "’57” is a cinch. 

57 — This machine is the latest in a growing family of Texas Instruments 
programmable calculators, and it's “following in the footsteps” of 
another machine, our SR-56. The 57 is an even easier machine to use — 
designed for especially straightiorward use. 
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How Does It Work? 

Simple! For starters, take out the calculator and check out the “heit" of 
this little device, Light, isn't it? That's because most of the important 
things inside this calculator are handled with a device that 

the folks at Tl call a "SOAP" bar, 


Now, turn it on! A zero in the display tells you that you're ready for action. 
(If the zero doesn't come on, or the display seems to be doing “funny” 
things, don’t worry. The battery just needs charging. Turn the machine 
olf, plug in your charger and wait a few minutes; then you'll be set to go.) 


Let's get right into it with a simple example. 

Imagine this situation: 

You've just won a rather weird award from a major radio station. You'll 
be given 2¢! This money will be doubled every day for three weeks (21 
days). OR — you can have $5000 in cash immediately. You have two 
minutes to make a decision — the announcer is waiting. (This is actually 
an "old and classic” problem. Watch how your calculator helps.) 


Basically, you can have your machine read out for you just how your 
money will grow’. Here's how: 


Over on the upper left hand 
corner of your machine, one row 
down from the top, is a key that 
is the real “jewel”: 


it's labelled 








This is the “learn” key, and when you press it one time, your calculator 
begins to learn and remember whatever you put in next. When you press 
ERX] again, you're telling the calculator that you've “taught” it everything 
you want it to know for now. The calculator stops learning at this point, 
but remembers all the steps you taught it. (The key is like an 
“ON/OFF” button for teaching your calculator to do things.) 


So press [aN], (At this point your display changes to 00 00.) Now, if you 
decide to take the “2¢ option” on the contest, you']! be doubling your 
money for 2] days, and you want to watch it grow. To do this, Press 


D2 I. 
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Now another “‘little jewel’ — right above the key labelled (sst] you'll see 
the word Pause” written on the face of the machine. Whenever a word 

or function is printed above a key — on the face of the machine instead of 
right on the key — that's called a "'second function’. 


Second functions allow us to pack all the power we can into your 
calculator, without loading it with keys. To use a second function, just 
push the [2nd] key — in the upper leit hand corner, and then the key right 
below the second function. In this book, we will use keys with a black 
background Ill to indicate second functions. So: 

Press: [ed] MMB (You'll press [nd] and the key labelled “SST”’) 


The MM key tells your machine: 
“Stop for a moment and let's see what's going on”. 


One more thing — we want to keep doubling our money again and 
again. To let your machine know this, just find the (reset) key (close 
to the lower left corner). This key says, “go back and do it again, from the 
top’. PREss: 


You have taught your machine all it needs to know at this point, so press 
again, and press again to be sure everything is back at the 
beginning. 


Now, to watch your 2¢ “grow” — first: 
Enter 2¢ on your calculator: Press ()] (0) (2\(The display should read 0.02.) 


At this point, your calculator is ready to “grow your money” — each 
display readout will be double the value betore it. You'll start things 
going and count the days as they go by. You'll have 0.04 for the first day, 
etc. When you reach 21 days, the cash value in the display is what you 
will win. 

OK. —to start the machine, just press the RUN/STOP key — [IR4)— the 
lower left key on the board. Keep your eye on the display, count out 1 
days, then press the BA) key again and hold it down for a moment. 


On day 21 you'll have won $41,943.04! Tell the announcer you ll take the 
“2¢ option . 
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CONGRATULATIONS! 
In this little example, you have already covered many of the key points 
that make your programmable calculator easy and fun to use: 
¢ The [RN key lets you ‘teach the calculator’. (You can teach it up to 
50 steps, and there is a lot it can learn — any of those “steps” is 
usually equivalent to any keystroke, but some steps can 
invalve two or more keystrokes.) 
* The Rst] key starts things back at the beginning. 
¢ The [4] key allows you to control the action — stopping and 
starting where you please, 


MaxinG TRACKS 
One way of looking at how the calculator works is to think of it as a little 
‘Tailroad”’ — where you can “make tracks’ for the machine to follow: 


Take the number , 
| in the display 




















weit tT pp 















| 
| Pause and let's ~~ 
see the result i 








t. a I 


Go back and do 
if again (reset) 





The “train” on this track has a special name — the ‘Pointer’ (or, more 
technically, the program pointer). Each time this train passes an 
operation, the calculator follows the instruction or performs the operation 
listed. The calculator in effect pushes its own buttons for you — in the 
exact sequence you tell it. When you push the Est) key (or the train comes 
to IRSt) as part of a program), the train immediately goes back to the 
beginning — to the first step (step number 00), and starts over. To get the 
“train” moving, or to stop it once it’s moving, you just use the 
(‘run/stop") key. 
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In the example you considered earlier, when you press 84), the machine 
simply pressed its own buttons and doubled the display value: 





and would have kept on doing this for quite awhile — had you not 
stopped things after 2] “go-rounds”’ with the R&lkey. (As you'll see later 
on, these repetitive go-round” situations in your calculator — and in 
larger computers — are called ‘loops .) 


At this point you're already well into many of the features that make your 
programmable calculator so special. Actually, we've explained enough 
here so that you can now explore all sorts of programs on your own. We'll 
naturally show you all the ins and outs of your machine with more on how 
to solve problems and run programs using it, later in the manual. But 
don't be afraid to explore. There's really nothing to it, and you can’t hurt 
the calculator by pressing any combination of buttons. Your calculator 
can be easily programmed to run through any set of keystrokes (up to 50 
steps) which you could handle manually from the keyboard. 


Just: Push 
eEnter your keystrokes 
(You'll need to use SW as your last step if you want things to repeat, or 
as your last step if you want things to stop alter one time. Also, if you 
need to enter a number midway in a program, or want to see some 
intermediate result, just put an R4&) at that point.) : 
¢Press (LRN) again 
ePress : 
At this point you've programmed your calculator. To run the program, just: 
eEnter the number(s) you want to work on 
«Press 
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A PRACTICAL CASE 





We'll be showing you many ways to use your programmable 

calculator for a variety of school, home and recreational applications. 
You'll see with each example the ease and power the machine can bring 
to everyday mathematics. Let's take a quick look at a more practical case. 


In this situation let's say that you (or someone you know) ran up a rather 
large bill (say $500) on a credit card account. Credit cards are 
convenient, but they really "sock you” with interest charges — typically 
1.5% per month. You'd like to weigh several alternatives on payments and 
get a picture as to what the best course of action would be. Paying back 
the cash right away would be the best way, of course, but you might not 
be able to aiford it. However, if you string the payments out over a long 
period, it would cost quite a bit. 


Your calculator can help by speedily letting you calculate the 
alternatives. 


For right now, let's say you'd like to know what your monthly payments 
would be if you paid off in 3, 6, 9, or 12 months; and how much you'd be 
paying in interest in each case. 


Here's Att You Do: 

First, turn your calculator off and on — to clear everything— and then push 
the following keys. (Remember, we'll be covering all the details later — 

for now just see what your calculator will do for you! Push each key 
carefully.) 


(At this point your display should read 27 00. If it doesn’t, turn your 
calculator OFF and ON, and go back and re-key carefully.) 


Now press: 


2 





A PRACTICAL CASE 


At this point, all you need to. do is store the values you want to try out in 
the three memories we've used, and let your calculator do the rest. 
Enter the amount you owe and store it in memory one by pressing: 


500 [sto] 1 


Enter your monthly interest rate (i= 1.5%—.015) and store it in 
memory two. 


.015 [Sto] 2 


Enter the first option you'd like to try — equa! payments forn=3 
months: 


3 (57a) 3 


From now on in it's a cinch! 

First press fad) MJ 2 so we'll be reading out dollars and cents 
clearly in the calculators display. 

Then press fst) RZ). 


There it is: If you decided to pay back in 3 months, your monthly payment 
would be — $171.69. 


Press R/S) again to see how much you'd be charged for interest — $15.07. 


To try the other options: 
Enter 6 months, press 6 Sto) 3 
Then press 
Your payment: $87.76 
Press IRS] again for interest charges: $26.58 


Enter 9 months, press 9 3 

Then press 

Your payment: $59.80 

Press [84] again for interest charges: $38.24 


Enter 12 months, press 12 S103 

Then press 

Your payment: $45.84 

Press RA] again for interest charges: $50.08 





A PRACTICAL CASE 





You can now goon and pick a payment program very carefully, seeing 
exactly how much your interest charge will be for each alternative. 


In this example you've used your calculator to handle a very important 
and versatile business formula. The formula for calculating the amount o! 
(equal monthly) payments on a credit card type of account is: 
. ) i 
Payment = PV x Geass Ten 

Where: i=the monthly interest rate (1.5% or .015) 

n=number of months 

PV =the present value of the balance you owe ($500) 


The total interest charge in dollars is calculated as: 

Total Interest Charge = (n x payment) — PV 

In handling the problem above the present value of the balance owed 
(PV) was stored in memory |. 

The monthly.interest rate (1%) was stored in memory 2, and the number oi 
months you take (n) was stored in memory 3. 

From now on in you can “try out” any number of months you'd like (for 
any present value, or any interest rate) just by changing what you've got 
stored in one of the three memories. Your calculator does all the work at 
the touch of a key. 
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Movine On 
Well, at this point you've already come quite a long way. You've seen 
your calculator in action in two program situations — each of which has a 
useiul side as well as a fun side. What we hope is that you've also seen 
how easy it is to use and program your calculator. Let's make a few major 
points about your machine before we move,on: 


First of all, your programmable calculator is versatile and powertul — 
and you can do all sorts of manual calculations right off the keyboard 


anytime. 


Secondly, your calculator is programmable — and all this really means is 
that it can remember keystroke instructions you give it, then go back and 
push its own buttons for you. We've seen that programming the machine 
to follow instructions is quite easy. 
* Just push 
° Enter your keystroke instructions. 
© Push LRN) again 
*Push (don't forget this one — your program needs to start at 
the right place,and starts it back at the first step.) 
*From then on in, you just enter numbers you want to work on and 
press [RA] . 


This new dimension of programmability brings several special benefits to 
you. Faster and more accurate calculations — particularly in repetitive 
situations — are now possible. You'll find it easier to use your calculator 
as part of decision-making processes, in exploring relationships in math, 
and in a host of everyday life and career applications 


Thirdly, and probably most important, your programmablecalculator 
should be a lot of fun to use! Don't be afraid to explore with it. 
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ATOUROF 
KEYS AND FUNCTIONS 


Your calculator is a powerful problem-solving device that’s especially 
designed for easy use. You've already seen some simple programs in 
action, and we'll continue to discuss the programming side of your 
calculator's capability in later chapters. But apart from its 
programmability — your calculator is a versatile and powerlul 

“slide rule” calculator. It's always ready to handle calculations right irom 
the keyboard. In this chapter we'll be touring the direct 
problem-solving keys on your machine — the keys you can use 
immediately to get answers. Then, in later chapters, we'll show you how 
these basic keys can be used with the others on the keyboard to create 
programs. 





The keyboard of your calculator has been organized and arranged in a 
common sense, straightiorward way. 


You can easily do simple things like balancing your checkbook or 
adding your grocery bill, as well as complex technical problemis . 

The usefulness of any machine or tool, however, depends on the 

person who operates it. You'll want to get familiar with all of its features 
— all of what it will (and will not) do for you. 


To get full use from your calculator, take the few minutes necessary just 
to see each key in action! 


To make it easy for you to get acquainted, this tour is divided into three 
major sections: 

Basic Keys and Functions 

Advanced/ Slide Rule" Keys & Functions 

Statistical Functions & Keys 


For those of you who have already owned or are familiar with an 
advanced slide rule calculator — you may want to skip to Chapter 3 and 
get right into programming. If there are some keys on the machine you 
don't know about, however, we'd advise that you take this quick tour. 
Take out your calculator and keep it handy as we go through the keys — 
relax — and let's go. 





SECTION 1: BASIC 
KEYS AND FUNCTIONS 


We'll begin with a brief look at the basic “chassis” on your calculator, 
before we go on to check out the “extra options’. These basics are what 
allow you to get information into and out of the machine — and let you 
handle the arithmetic part of mathematics quickly and accurately. 


THe DispLay 


Whenever you first turn on your calculator, you should see a single zero 
in the display indicating that all is well, the machine's on, and it's ready 
for action. Just turning the calculator OFF and ON clears everything 
inside. To check out your calculator's display, press the L8] key, the 
decimal point key (-], the change sign key [#-], and then push the [8] key 
until the whole display is lit up. You can enter up to 8 digits into your 
calculator at any one time, for both positive and negative numbers. 
(Entries after the 8th digit are ignored.) For extra accuracy, however, 
results of calculations are computed to eleven digits inside your 
calculator, and then rounded off to 8 digits in the display. Notice that the 
negative sign stays immediately to the left of any negative number in the 
display, for easy reading. 


To continue the tour press the clear key [ia] in the upper right corner of 
keyboard, and read on. 


AND : THe “Dua Function” Keys 

Your calculator is loaded with functions to make all sorts of calculations 
easy and accurate. To allow you access to all of this power, without 
loading the machine with keys, many of the calculator keys have more 
than one function. The first function of the key is printed right on it. To 
use the first function on any key — just press it. The second function of 

a key is printed right above it. To use second functions, just press the [2nd] 
key, (upper left on the keyboard), and then the key right below the 
function you wish to use. (We'll indicate second functions in this book 
with a black background key HM. For example, to put aq in the display 
you ll use the key sequence Ea ) 


The inverse key — [iN] — also provides additional calculator functions 
without increasing the number of keys on the keyboard. The [Wy] key 
“reverses the purpose or function of certain keys. Note: In cases where 
you need to use both the [2nd) and [IW] keys — you can use them in either 
order and get the same result. If you use the [IN] before a function with 
no inverse, it's simply ignored. 





SECTION 1: BASIC 
KEYS AND FUNCTIONS 





CLEARING THE CALCULATOR 

There are several procedures that allow you to clear various parts of your 
calculator, or to clear the entire machine — depending on your needs as 
you proceed through a problem. 


The [CE] (clear entry) key clears the last number you entered into 
the calculator, as long as that number wasn't followed by a 
function or operation key. (So if you accidentally hit a [5] instead 
of a [6 Jin the middle of an entry, just hit [€£) and try again.) This 
key will also stop the display from flashing if you've created an 
error condition in your calculator (we'll say more about this later). 
The [ee] key, however, doesn't affect pending operations, what's 
stored in the memories, or calculated results. 


(CLR]_The [GR] (clear) key (upper right on your machine) essentially 
clears the entire machine, except for statistical data stored in the 
memories, settings made on the display format, and program 
steps. 

— This allows you to clear only the “t"’ register (or "t memory). 
This capability is beneficial in programming and with statistical 
functions. We'll look at it in more detail later. 

— This key sequence clears everything in the machine 
except program steps and decimal settings. (Technically, this 
doesn't clear the first two registers of the math stack, but this will 
seldom be a problem.) 


OFF-ON — Turning the calculator OFF, then ON again clears 
everything. 
In fact, it's one sure way to quickly clear all your program steps, 
memories, display settings, everything! 
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[0 }- [+ ] [+/—] — Dara Entry Keys 


Your calculator operates with a full floating decimal point, and numbers 
are entered into the machine with the data entry keys [0]- (91-164). 

As you enter any number, the decimal point stays to the right of your 
entry until the decimal point key ([-)) is pressed. After pressing the 
decimal key, the fractional part of the number is keyed in, and the 
decimal] point floats to the left with it. To change the sign of a number in 
the display, just push the change sign key #Jonce. (Pressing 4] again 
changes the sign back again.) 


L-JEx) AND — Basic Operation Keys 


Basic arithmetic is handled with the 5 basic operation keys: [FJ [=] x] 
[#Jand [=]. Your caleulator is equipped with a simple and powerful 
entry system — the AOS™ entry method. This entry system makes problem 
solution exceptionally easy. You just key in the problem the way it's 
written, press[=], and get your result. The amazing feature of the AOS 
system is that it automatically sorts out mixed operations in a problem for 
you, and applies them in the correct order as it calculates your result. 
(We'll say more about the AOS entry system in the next section.) 


When you press the [=] key, all pending operations (things waiting to 
happen inside your calculator) are completed. You get your result, and 
the calculator is cleared — ready to start on the next problem. 


Example: Calculate 15 + 7X3] —4=? 


Press DispLay/CoMMENTS 
15476931 
[=)4 228. 


Note: The AOS system of entry makes it easy to get the right answer in 
this example, and not all calculators have it. 
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THe AOS™ Entry Metruop 


Mathematics is a science which adheres to a variety of rules. One such 
rule is that it never permits two different answers to the same series ol 
operations. Because of this requirement — one solution for any 
computation — mathematicians have established a set of universally 
accepted rules when mixed operations are used in one calculation. For 
example, the problem: 
3+10-2xM+-7=? 
has only one right answer! (Know what it is? It's 9.) 
You can key this problem directly, left to right, into your calculator 
equipped with the AOS entry system and you'll get the correct answer. 
The calculator sorts the operations you enter, applies them in the correct 
order, and lets you see what it’s doing along the way. Your calculator's 
AOS entry system is quite an organizer! It sorts and then performs 
operations it receives from you in the following universally accepted order: 
1) Special Single Variable function keys ( [24] (#] etc.) — act on the 
displayed number immediately — as soon as you push the key. (We'll 
talk more about each of these keys later in the ‘‘tour’’ — but they 
include all the keys for the trig and log functions and their inverses, 
as well as square root, and reciprocal keys.) 





2) Exponential calculations 2) and (¥] (or \/y) are done next 
(we'll discuss these further in a following section). 


3) Multiplications and divisions are completed next, in order from leit to 
right, followed by 


4) Additions and subtractions, in order from leit to right. 
Finally, the equals key =] completes all operations. 


When you were in elementary school you may have heard the memory 
aid “My Dear Aunt Sally’ (MDAS) applied to help you remember the 
last part of this hierarchy: Multiplications and Divisions first, in order left 
to right — then Additions and Subtractions in the same way. Ina 
calculator equipped with the AOS entry system — all of this is 
remembered for you. 


There are cases in problem-solving where you may want to exactly 
specily the order in which an expression is evaluated, or the way in 
which a problem is completed. In these cases you can control the order 
with the parentheses keys [1] (7 ]discussed in the next section. 
Parentheses demand a special first level of attention in mathematics — 
and they're treated that way by your calculator. 
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_C] [)_]- Panentueses Kevs 


In a variety of problems you may need to specily the exact order in which 
expressions are evaluated, or the way in which numbers are grouped, as 
a problem is solved. Parentheses give you a way fo “cluster” numbers 
and operations. By putting a series of numbers and operations in 
parentheses you tell the calculator: “Evaluate this little problem first — 
down to a single number result, then use this result for the rest of the 
calculation.” Within each set of parentheses your calculator will operate 
according to the rules of algebraic hierarchy. You should use 
parentheses if you have any doubts in your mind about how the 
calculator will handle an expression. — 


There is a limit to the number of parentheses that can be opened at one 
time, and how many “pending operations can be handled. Your 
calculator allows you to open nine parentheses at one ime, with up to 
four operations pending — exceeding these limits results in a flashing 
display. (You'll rarely encounter this as a problem.) 


Note an important point when using parentheses. You may often see 
equations or expressions written with parentheses to indicate implied 
multiplication: (2+ 1) (8+ 9) = 15, Your calculator will not recognize 
implied multiplications. You must key in the operation between the 
parentheses: 

21 Ib 31200 ENS. 


Here's an example on using parentheses: 


(9x4) + (9x — 19) _ 
(89+10+7) x 20) 


Solution: In problems of this type — you want the calculator to evaluate 
the entire numerator, then divide by the entire denominator. You can be 
sure of this taking place by placing an extra set of parentheses around 
the numerator and denominator as you key the problem in. 


Evaluate 


Press DispLay/COMMENTS 

rn oo38Ga4 0) 32. (8x4) displayed 

m9601984) 

Oo) —139. The value of the numerator 
1103 GI 10G)7 

0I1G82 0 8.8571429 Value of denominator 
—15.693548 The final result. 


ee | 
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Memory Keys 


There are 8 multi-purpose memories available for you to use in your 
calculator. These memories are special locations in the machine where 
you can store numbers you may need to use later on. The memories are 
a real bonus — and in many ways give you ‘several calculators” in one, 
since you can store, recall or perform arithmetic on the numbers in the 
memories without affecting calculations you have in progress in the 
“main machine”. 


The [CE] and (Gif) keys will not affect what's in the memories — but you 
can use the [INV] [2nd] IJ key sequence to clear them all out if you need 
to. (Turning the calculator OFF and ON does this, too.) 


Since you have 8 memories you need to tell the machine which one you 
want to work with at any given time. Every time you push a 

memory key you need to follow it immediately with the number of the 
memory you are using (n= 0, 1, 2,3, 4, 5, 6 or 7). This tells the machine 
which one of the 8 memories you're referring to at the moment. The 
operations of the memory keys is pretty much “common sense” as shown 
below. 


n — Tue Store Key 


This key just ‘'stores" the displayed number in the memory you specify 
with n. (n=O, 1, 2,...7). (Any number previously stored in memory n is 
automatically cleared out first.) 


Nn — Tue Recau Key 

Any time you press [Rél|n, the number stored in memory n appears in the 
display and can be used in operations and calculations. The number 
remains in the memory after you press Ret] n, and you can recall the 
value from any memory ds many times as you need fo in any calculation. 
A stored number remains in memory until you alter it with another 
memory operation, the [iw] (2nd) IM clearing operation, or by turning the 
calculator off. 


TSE eee 
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KEYS AND FUNCTIONS 
ee eee 
An example on the use of the memories: 

Let's sary that: 
a= 10.3 (25-—1.7) 
b=l5a+6 
c=20b, and you need to find c. 
PRESS DispLay/COMMENTS 
10.3G00025 CC] Calculate and store a 
LI Oooe 239.99 
(Sto ] 239.99 astored in memory | 
15 1416 3605.85 
2 3605.85 b stored in memory 2 
20 (3c) fret] 2 [=] 72117. The value of c. 
Memory ARITHMETIC 


In addition to the basic memory keys; there are a series of keys that let 
you perform arithmetic on the numbers stored in memory without 
affecting other calculations in progress: 


Sn — The Sum Key — allows you to algebraically add whatever 
number is in the display directly to the number stored in any memory. 
(This doesn't affect any calculations in progress.) The result of the 
addition stays stored in the memory. Note: This process is different from 
what happens when you use the 0) key. The St) n operation clears out 
the number in the memory, and replaces it with the number in the 
display. (The display is not alfected by this operation.) 


(iv) SUMin — The Subtract key sequence, subtracts the number in the 
display from the number in memory n. The result stays stored in memory 
n. (The display does not change.) 


Gin — The “Multiply” or Product key sequence, multiplies the 
number in memory n by what's in the display. The product stays stored 
in memory n. (The display does not change.) 


Gin — The “Divide” or Quotient key sequence, divides the 
number in memory n by the number in the display. The quotient stays 
stored in memory n. (Note the [®) and ad) may be pressed in either 
order for this sequence: E¥Bn for any “memory divide” 
calculation.) The display does not change during this operation. 

[and] Hn — The Exchange key sequence just “swaps’’ the number in 
memory n with the number in the display. (The display value gets stored 
in memory n, while the number stored in memory n is displayed.) 


. , EE 
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ees ee 
— Tue “x” ExcHANGE wirx “t” Key 

This is a special exchange key that exchanges the number in the 

display with the number in mem ory 7. Memory 7 is used in several special 
functions on your machine and is given a special name: the “'t’’ or “test” 
register. The [z:t] key is identical in function to the M87 key sequence. 


AppitionaL Notes on Memonies: 

The 8 memories in your machine are designed primarily for your use and 
convenience — but there are times (particularly in more complex 
calculations) where your machine needs extra “space” to work in. In 
these cases your calculator will need to use the memories, and this can 
affect numbers you have stored in them. We'll mention these cases here 
— and review them again as various special machine features are 
discussed, 


* When you're evaluating a complex expression, involving 3 or 4 
levels of pending operations, memories § and 6 will be used. 

* Memory 7, the t register, will be used whenever the [z:t] key is 
used. 

* Statistical functions and trend line analysis problems (discussed 
later) may use memories 0, 1, 2, 3, 4,5 and 7. 


* The [2s4) Mikey sequence, which is discussed in Chapter 3, 
works with memory zero. 


In practice these memory situations aren't olten a problem — but if you re 
really “loading up" the machine with work to do, you need to be aware 
of the fact that some of what you may have stored in memories can be 
affected. 
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“SLIDE RULE” KEYS 


In this section we move on to discuss some of the features of your 
calculator that are especially helpful in engineering, scientific, and 
more advanced mathematical applications (applications that not too 
long ago used to be handled with mechanical slide rules and tables). 
Many of these features have only been made possible by 

more recent developments in Integrated Circuit (IC) Technology. These 
new developments allow calculator designers to"'put’ various 
functions and tables right into the IC chip. This way you can put the 
calculator to work on a complex calculation with the touch of a key. 


— Screntiric Notation Key 

In many applications, particularly in science and engineering, you may 
need to calculate with extremely large or small numbers. Such numbers 
are easily handled (by both you and your calculator) using scientific 
notation. A number in scientific notation is expressed as a base number 
(or “mantissa’’) times ten raised to some power (or “exponent’). 





ower 
Mantissa x io? 


To enter a number in scientific notation 
* Enter the mantissa (then press lil it's negative.) 
° Press [fe] (Enter Exponent) — a "00" will appear at the right of the 
display. 
* Enter the power of 10 (then press E41 if it's negative.) 
A number such as —3.8901448 x 10-* will look like this in your display: 


mantissa exponent 


; 





decimal point decimal exponent sign 
flaating minus sgn 


In scientific notation the power of ten (the two digits to the right in your 
display) tells you where the decimal point would have to be if you were 
writing the number out in longhand. A positive exponent tells you how 
many places the decimal point should be shifted to the right, a negative 
exponent — how many places to the left. For example: 


2.9979 x 10° equals 2,99790000 


ll : 
(Move decimal 8 places right, add zeroes as needed.) 


1.602] x 10-* equals 000 000 000 000 000 000 1.6021 (Move decimal 19 
places left, add zeroes as needed.) 
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[2nd] BGR a — Fix Decrmat Contnox 

This very convenient feature allows you to choose the number of digits 
you d like to have displayed to the right of the decimal point as you go 
through your calculations. Just press [2nd] MMI then press the desired 
number of decimal places (0 to 8). Try it — press |2ed) M3 — the display 
immediately changes to "0.000". 


The calculator will round all of your subsequent results to this number of 
decimal places. You can goon and make number entries with as many 
digits as you like, and the calculator will retain its own internal (1 1-digit) 
accuracy. The display value will continue to be correctly rounded to the 
number of decimal places you've selected. Note also that you can use the 
fix key to set the desired number of decimal places whether you're in 
standard display format or scientific notation. Turning your calculator 
OFF and ON again erases the “fix” condition. Try the following example. 


Example: % =0.6666667 


Press DispLay/ComMeEnNts 
OFF-ON 0 

(Gtk) 0 

2(+13 0.6666667 

6 0.666667 (Note: display 
iim 2 0.67 value is correctly 
Lia Bl 0.7 rounded) 

im 0 l. 


To CLear THe “Fix” Conpirion: 

You can “unfix’’ you calculator’s display with the following key 
sequences: 

9 

Turning the calculator OFF and ON (this clears everything). 


Pal 
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Ne ee 


— “Pr Key SEQUENCE 

The (xa) Mill key sequence displays the first 8 digits of a. (Eleven digits 
are entered into the calculator — 8 correctly rounded digits are 
displayed.) The number you'll see displayed is: 3.1415927. This key 
sequence displays 7 immediately, doesn't affect calculations in progress, 
and can be used anytime in a calculation, 


— AssotuTe VALUE Key SEQUENCE 

When this key sequence is pressed, the sign of the number in the display 
(x) is made positive. This feature comes in handy in a variety of 
calculating (and programming) situations. 


When End] Elis pressed: 

If the sign of the number in the display is negative, it's changed to 
positive. 

If the sign of the number in the display is positive, things are left alone. 
This key can be used any time ina calculation, and doesn't attect 
calculations in progress. 





Note that several keys on the keyboard use the letter x" as part of their 
marking. The ‘x’ on these keys just means “the number in the display”’. 


— Square, SQUARE Root AND RECIPROCAL Kers 


These 3 easily accessible keys are essentials for speedily handling a 
variety of algebraic and equation solving situations. All three of these 
keys act immediately on the number in the display (x), and don't affect 
calculations in progress. 


(=#]— The Square Key — calculates the square ol the number in the 
display (multiplies the displayed number by itself). 


— Square Root Key — Calculates the square root of the number in the 
display. The square root of a number (say x) is another number (labelled 
\/x), such that: 


(\/x) x (/x) = x 


— The Reciprocal Key — Divides the displayed number into one. 
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— UNIvEeRSAL Power Key 
This powerful key allows you to raise any (positive) number to any power 
at the touch of a. key. To use this key: 

e Enter the number you want to raise to a power (y) 

¢ Press ¥*) 

e Enter the power (x) 

¢ Press [=](or any operation key) 


Example: Calculate 3.189747 





Press DispLay/CoMMENTS 

0 Clear 

3.1897 3.1897 "yy" value 

4.7343 4.7343 °x" value 
242.60674 Final result: y* 


—Universal Root Key Sequence (\/¥) 
This key sequence allows you to take any root of any positive number 
(the inverse of y*- or the \/y). Before calculators came along, calculations 
like this were usually pretty time consuming — and involved a set of 
logarithm tables.) To use this key sequence to take +/y: 

e Enter the number you want to take the root of (y) 

° Press | del 

e Enter the root you want to take (x) 

e Press [=](or any operation key) 


Example: Calculate **71/2].496 


PREss DispLay/CoMMENTS 

0 Clear 

21.496 [Inv] [¥=) 21.496 “y"’ value 

3.871 3.871 "x" value 

2.2089685 Final result ({/¥). 


Note: The (%*] key (and [itv] (¥*]) key sequences periorm calculations that 
involve quite a few steps inside your calculator, and it takes a little 
longer to complete these calculations than others. Be sure you wait for 
your calculator to finish — with a final result in the display before pressing 
additional keys. 
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[In] anv [2nd] §QHY — Locanrrum Keys 


Logarithms are mathematical functions that enter into a variety of 
technical and theoretical calculations. In addition, they form an 
important part of many mathematical “models” of natural phenomena. 
The logarithm keys give you immediate access to the “log” of any 
number — without having to hassle with bulky tables. 


_ The Natural Logarithm Key — immediately displays the natural 
logarithms (base e = 2.7182818) of the number in the display. (Note: the 
number in the display must be positive — attempting to take [Ing] of a 
negative number will result in a flashing display.) 


@g— The Common Logarithm Key — immediately displays the 
common logarithm (base 10) of the (positive) number in the display. 


[INV] [In] anv [INV] [2nd] (7 — Anti-Locartrum Key SEQUENCES 


These key sequences are the ‘inverse’ or “anti” 

functions of the logarithms. (e"** =x, and 10°” =x.) These 
calculations arise in many technical situations and can be handled 
quickly with just a few keystrokes on your calculator. 


[inv] [Ing] e* Key Sequence — Raises e to the power of the number in the 
display (calculates the natural antilogarithm of the number in the 
display). 


gmg— 10* Key Sequence — Raises 10 to the power of the number in 
the display (calculates the common antilogarithm of the display value). 


Notes on logarithm and “anti” logarithm keys: 


Each of these keys acts immediately on the number in the display 
— and doesn't affect calculations in progress. Your calculator uses 
a variety of “routines” for arriving at these values. Certain limits 
are set by these routines — and exeeding them may result in an 
error indication - see the Appendix C on error conditions for details. 


Some examples: Calculate log 15.32, In 203.451, e-™, 10” 


PRESS Display /CoMMENTS 
15.32 ca 1.1852588 
203.451 (inz] 5.9154252 
69315 [4] [Nv] [ins] 0.4999986 
[2nd] (inv) a 1385.4557 


2-14 





SECTION 2: ADVANCED, 
“SLIDE RULE” KEYS 





(2nd | — “INTEGER Part or A NumBer” Key SEQUENCE 

This key sequence displays the integer part of any number in the display. 
For example, if you enter the number 3.1117 into the display, and press 
the [2aé) Ml key sequence, the calculator “chops off’ everything to the right 
of the decimal point and displays only the integer 3. (Try it!) 





There are many situations in mathematics where you'll find yourself 
needing to deal with just the integer part of a number. In programming 
you'll find this key sequence very handy for handling these situations. 


iia — FRACTIONAL Part or A Numper” Key SEQueNcE 
There are some instances in math and programming where you need to 
deal only with the decimal part of a number, and need to isolate it. This 
key sequence displays the fractional or decimal part of any number in 
the display, So if you enter 3.1117, and press the [2nd] (INV) MI key sequence, 
0.1117 will be displayed. 


The following diagram summarizes these two key sequences: 


3.1117 (number in the display) 


Displays decimal part Displays integer part 


3 O11? 


Note: The original number is lost when Ml or (MV) Mis used — store it first 
if you'll need it later. 
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—AncuLaAR Mope Keys 





Your calculator is equipped to handle a variety of calculations that 
involve angles — notably the trigonometric functions and 
polar/rectangular conversions. When performing these calculations, 
your calculator allows you to select any one of three common units tor 
angular measure using the key sequences below: 





Gs— selects degree mode. In this mode all entered or calculated 
angles are measured in degrees, until another mode is selected. 
(one degree equals, of a circle — aright angle equals 90°) 





(ind) EME — selects radian mode. In this mode all angles are measured in 
radians (one radian equals i of a circle; a right angle equals 5 radians). 


0,2er 





Z 
@M— selects grad mode. In this mode all angles are measured in 





grads (one grad equals 4; of a circle — a right angle equals 100 grads). 
100 


200 0,400 


300 


IMPORTANT NOTE: When you first turn your calculator on it powers up 
in the degree mode, and stays in that mode until a new mode is 
selected. 


One very common error encountered when working with angles is finding 
yourself in an incorrect angular mode. Once you select an angular 
mode, your calculator will stay in that mode until you select a new one, 
or until you turn the calculator OFF and ON again (the calculator is 
always in degree mode on power up,} 
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sin § | COS & | tan | — TRIGONOMETRIC Key SEQUENCES 


These key sequences immediately calculate the sine, cosine, and tangent 
of the angle in the display (angle is measured in units of selected angle 
mode). The trig functions relate the angles and sides of a right triangle 
as shown below: 





sn@-—— cse- 2% tang-2 
hyp yp ad 


(INV) (2nd) MEN (iN) (Sn) 


Using the [iW] preceding another key reverses the operation and intention 
of that key. 


The Ee, (inv) Ms, and (WW) 2nd) MM key sequences calculate the 
angle, (in the units of the mode selected) whose sine, cosine or tangent 
is in the display. (These key sequences calculate the arcsine (sin~'), 
arccosine (cos“'), and arctangent (tan~-'), respectively.) 





Examples: Calculate the sine of 90°, 90 radians, and 90 grads, and the 


arctan of 1. 
Press DispLay/ComMMENTS 
OFF-ON 0 Clear the entire machine 
(Powers up in degrees mode) 
90 sin | l. sin of 90 degrees 
90 | sin 0.8999967 sin of 90 radians 
90 Gy El 0.9876883 sin of 90 grads 
] LINV] (2nd) SE 45. The angle (in degrees) 


whose tangent is one. 
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ANGLE CoNnvVERSIONS 


You may at times find it necessary to convert angular values from one 
unit system to another. While there are no special conversion keys on 
your calculator for this purpose, the key sequences to convert angular 
units in the first and fourth quadrants are pretty simple and can be used 
without affecting the memories or calculations in progress. 

1) Be sure the calculator is in the correct angular mode and enter the 
angle to be converted. 


2) Press [1 | 
3) Change calculator to desired angular mode. 
4) Press L si | 
Example: Express 50 degrees in radians. 
PREss DispLay/COMMENTS 
es | 0 
50 nc) Ei 0.7660444 
| Bas | 
[inv] (2nd) 0.8726646 Radians 


The angular range oi these conversions is limited to the first and fourth 
quadrants. For larger angles you may convert directly: 

» number of degrees <## = number of grads 

» number ofdegrees *;% =number of radians 

e number of grads *#4— number of degrees 

e number ofgrads x4 =—number of radians 

e number ofradians <#=number of degrees 

e number of radians <= number of grads 
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CONVERSIONS: 
Your calculator is equipped with two keys that make it especially handy 
in conversion situations. 

(2nd) [9 — Decrees. Minutes, Seconps To DecImaL Decrees ConvERSIONS 
This key sequence converts an angle expressed in degrees minutes and 
seconds to decimal degrees. The [Iv] [nd] [key sequence does just the 
opposite — converting from decimal degrees to degrees minutes and 
seconds. This conversion is handy if you have to do arithmetic with 
angles, or with time — expressed in hours minutes and seconds. 





To enter and convert an angle, just follow the format shown on the 
HA key label: 

* Enter the number of degrees 

¢ Press the decimal point key, [=] 

* Enter the number of minutes (2 digits — less than 60) 

¢ Enter the number of seconds (2 digits — less than 60) 

* Press [2nd] [EM 


The decimal equivalent of the angle (or time) is now displayed. The 
reverse conversion is easy to do also: 
¢ Enter the angle (whole number and decimal part) 


¢ Press [Inv] [2nd] [9 


The angle is now displayed as the number of degrees, followed by a 
decimal point, followed by the number of minutes and seconds. 


Example: Convert 47°05'38” to decimal degrees and back to degrees 
minutes and seconds again. 


Press DisPLay/COMMENTS 
47.0538 (2nd) EES 47.093889 angle decimal equivalent 
LINV) OMS | 47.0538 back to degrees, minutes, seconds 


Note that you can also convert hours, minutes, and seconds to decimal 
form by the same technique. 
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— Po.ar To RECTANGULAR CONVERSIONS 

This is a handy feature of your calculator that is particularly useful in- 
science and engineering applications. Working with the [za] key — it's fast 
and easy to convert from polar to rectangular coordinates, or vice versa. 
Just follow the key sequences illustrated below: 


FROM: Polar TO: Rectangular 





(R, 8) 


ee y free — ce ay) 


| 
I 
| 





To convert from polar to rectangular coordinates: 
¢ Enter your value for ‘‘R” 
* Press [zt] 
¢Enter your 6" value (units selected with angular mode keys). 
* Press (2nd) EE 
“y' is now displayed; to read “x”: 
¢ Press [x:t] 
"x" is now displayed. 


To convert from rectangular to polar coordinates follow the sequence 
listed below: 


FROM: Rectangular TO: Polar 






(R,8) 


ye 0 ey) ——— 





| 
| 
I 
x 


«Enter your x’ value 
* Press [zt] 
Enter your 'y” value 
¢ Press LP 
“@" is now displayed (in units selected by mode key); to read "'R”: 
*Press 
“R’' is now displayed. 
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Example: Convert R=45 meters, @ = 31.6° into rectangular coordinates 





PRESS DispLay/COMMENTS 

Turn calculator OFF & ON 0 Calculator isin degree mode 

45 [x:t] 31.6 Enter polar coordinates: R, then 9. 
LPR] 23.579366 “y' value 

(zt) 38.327712 ‘x’ value 


Note: This conversion will make use of memory 7 (the “'t" register) — so be 
sure not to use memory 7 while you're doing a polar to rectangular 
conversion (you'll lose numbers stored there). 





SECTION 3: STATISTICAL 
FUNCTIONS AND KEYS 





In many situations —in school work, everyday life, or business, you may 
find yourself handling large sets of data points. This data could be irom 
laboratory measurements, test scores, results from a study or research 


project, etc. 


Your calculator is equipped with features allowing you to easily collect 
and analyze data by rapidly calculating mean, variance;and standard 
deviation. Intermediate results are stored in the memories for you in an 
easy to access fashion. (You'll find this especially useful in programming 


with statistics — 


as you'll see later on in this book.) You can also 


simultaneously analyze two sets of data, allowing you to examine 
relationships between them in advanced statistical programming. 


To collect and analyze sets of data here's the procedure: 
- Begin any and all statistical calculations by either turning your 
calculator OFF and ON, or by pressing the [Inv] [2nd] Mikey sequence. 


If you have only one set of data 
to analyze: 
eEnter each data point 
«Press [2nd] Eg 
¢Repeat for all data points 





* Press (2nd) Eto calculate the 
mean of the data 

e Press [2nd] [7 to calculate the 
variance of the data (with N 
weighting). 

° Press [2nd] Pid (= Ito calculate the 
standard deviation of the data 
(with N weighting). 

("N weighting” means that the 
total number of data points is 
used in the calculation of the 
variance — this type ol variance 
is called a 

population variance.) 


If you have two sets of data to 
analyze simultaneously: 
Call the two sets of data x" 
(independent) and “‘y" 
(dependent) arrays of data. 

* Enter an "x" data point 

* Press [z:t] 

*Entera ‘y’ data point 

«Press 

* Repeat for all points. 

* Press [Inv] [ind] 2nd) KEHIto calculate the 
mean of the ’x data points. 

*Press to calculate the 
mean of the y’' data points 

¢ Press [INV) (2nd) [FJ to calculate the 
variance of the '’x” data points 

* Press [nd] {7 to calculate the 
variance of the “y" data points 

* Press [Inv] [2nd] BZ ¥= | to calculate 
the standard deviation of the "x" 
data points. 

* Press [2nd] [fea [7 |to calculate the 
standard deviation of the “y” 
data points. 
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While you're doing any statistical analysis calculation, the data is 
collected in the memories as follows: 


n (The number of data points) 
Zy 
ze 
=x 
=x? 
2 xy 
Last x value entered, plus one. 


memory 


Note also that the formula used for the variance is: ‘ ee ax 
Variance = ans ae (x, X) or 2m y? 

The symbol = just means ‘the sum of". 

If you make a mistake entering any data point, you can remove the bad 

points by re-entering them as before, but pressing [inv] before 

E@9 cs you key it in. 

Example: You're grading an exam, and the scores are in. You'd like to 

see how well the class has done. The scores are tabulated below: 


96 65 81 
85 76 86 
57 98 75 
78 100 72 
81 70 80 
PREss DispLay/COMMENTS 
[INV] (2nd) al 0 Be sure to clear the entire 
machine 
96 (2nd) l. The calculator counts 
89 Eg | 2. your data points for you 
continue for all points : 
72, (Bra vt 
80 15. 
ieS 80. Class average 
ta 11.564313 Standard deviation. 
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Some Speciat Notes on STATISTICAL Functions 
Occasionally, when you're dealing with the analysis of 2 sets of related 


data, you'll need to “step up” the x variable by one, for each “y” 
variable you enter. (For example, for data collected by year — 1961, 1962, 
1963, etc). In this case you only need to enter the first x value, and your 
calculator will automatically increment x by one for each y value 
entered. This feature is useful in programming what are called “trend 
line analyses” — which folks into statistics know about. Also, the variance 
calculations above all use ‘N weighting’ — which as folks who use 
statistics know, is suitable for analyzing population data. Statisticians use 
(N-1) weighting when analyzing sample data. To obtain (N-1) weighting 
in variance calculations, you can use the following key sequence atter 
calculating the variance from the keyboard: 


Go feet) OFE)CO re} Of) 1 1). 


This multiplies by stSt 
(Note that the square root of the variance is the standard deviation.) 








OF THE PROGRAMMING KEYS 





Your calculator is a powertul problem-solving device; equipped with a 
variety of features that are ready to use — right from the keyboard. In 
addition, though, your calculator is programmable. This means you can 
teach your calculator to, ‘push its own buttons’ to automatically perform 
a variety ol caiculations (including those that involve decisions). You 
can teach your calculator up. to 50 problem-solving steps, and then have 
it execute these steps as olten as you like — with the touch of a single key! 
In this chapter we'll go on a tour of the keys on your machine especially 
devoted to programs and programming. If you already have some | 
programming. experience, you may be able to just take this brief tour, 
pick up your calculator and program it right away. 


Wuat's HAPPENING INSIDE: 

The way your calculator “learns’’ a program is in reality quite simple. 
There's a special memory, called a “program memory’ inside your 
machine, that remembers the program keystrokes you teach it. As you 
program your machine, each keystroke sequence you enter is stored in 
order in this memory as a simple code. When you've finished entering a 
program, your calculator can then go back, read the codes” in order, 
and push its own buttons for you in the exact sequence you've taught it 


To enter a program, you use the programming keys clustered on the leit 
side of your keyboard. These keys let you teach the calculator the 
necessary problem-solving keystrokes. When you've taught your 
calculator a program, it's as if you've set up “tracks” for it to run on — a 
path for it to follow in solving your problem. When the calculator is 
programmed and ready to go, you can start it off at the beginning of 
these tracks and, much like a train, run down the line of steps you ve 
entered. The “track” is your program — stored in program memory and 
the “train” is called the program pointer. As the train on the program 
track comes to (or points to) each step you've programmed, the calculator 
pushes its own buttons for you as it was directed. 


This chapter, then, will give you a quick review of the “trackmakers~ 
— or programming keys of your calculator. 





— THE 
LEARN KEY 


— THE 
RESET KEY 


— THE LEARN Key 
Pressing this key once puts your calculator in the ‘learn’ mode of 
operation — ready to be taught a program. When the calculator is in 
“learn” mode, the display takes on a whole new format, displaying 4 
(and sometimes. 5) digits. 

— 0000 
The left two digits in the display will indicate the step number you are 
about to enter into the machine. (You can enter up to 50 steps, labelled 
00 through 49.) The digits to the right are for key codes. These are two 
and three-digit numbers that tell the calculator which program steps 
you're entering. These right two digits (and a 3rd one that will pop up as 
you enter certain keystrokes) will be zero while you enter a program. This 
is because the display is always reading out the step you are ready to 
enter, and immediately moves to the next step location in program 
memory alter you enter a step. (Later we'll be discussing how you can go 
back and check the key codes for each step you've entered.) 





Pressing the key a@ second time takes your calculator out of ‘learn” 
mode, and it’s ready to run a program — or do calculations right from 
the keyboard. At this point the display changes back to its standard 
format. 


Note that while you're in “learn” mode, the calculator won't do keyboard 
calculations — it will interpret each keystroke you enter as a program step 
to be stored. Once you've stored a program and get out of “learn” 

mode, you can do any keyboard calculations you need to — without 
affecting the program stored in program memory. Also, note that turning 
your calculator OFF clears the program memory completely (as well as 
all other calculator memories and registers). 

— Tue Reset Key 

This is the ‘start back at the beginning” key. It tells the program pointer 
to go back to step 00. This key can be used as part of a program (you can 
enter it while in "learn'' mode), or right from the keyboard when out of 
“learn” mode. When encountered as part of a program, the program 
pointer immediately jumps back to the very first step — step 00, and keeps 
on going. When used from the keyboard when out of “learn” mode, 
pressing just sets the program pointer to step 00. 


The also has other special functions. It resets the subroutine level 
counter back to zero and clears the subroutine return register. 
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— THE 
RUN/STOP KEY 


3 — THE 
PAUSE KEY SEQUENCE 





— THe Run/Stop Key 


Pressing the key (when out of “learn” mode) tells your calculator tc 
start running a program (from the current location of the program 

pointer). If a program is running, pressing this key (and holding it 
momentarily) tells it to stop. The key has a dual function — if things are 
stopped, it starts them going; if a program is running, it stops it. 


The key can be used as part of a program, too — when entered in 
“learn”’ mode. If a program is running and it encounters an 
instruction as a program step, it simply stops and displays whatever is 
currently in the display register. This allows you to stop a program to 
see intermediate results, to enter new numbers the program may need 
to work on, or to halt the action when the program is finished. 


Note that when you're out of “learn” mode and press _ the program 
pointer begins stepping through program memory starting from its 
current location. If you want to start at the first program step (step 00), you 
need to press before pressing [R4]. (You can position the program 
pointer at any other location you'd like to start at with the key — 
discussed later.) 


2nd} a — THe Pause Key SEQUENCE 


This key sequence is designed to be used as part of programs, and 

you enter it into your program while in “learn’’ mode. While a program is 
running and the program pointer comes to a [2d] HM instruction, it stops 
the program for about % of a second and displays whatever result is in 
the display register at that point. Then, it continues on to the next step. 





The [2nd] WM key sequence lets you get a quick look at a program result, 
without stopping the action. This sequence is especially handy when 
used in repetitive programs (or "'loops’’) — letting:you watch the 
changing results of continuing calculations. You can watch your money 
grow’ in. a compound interest account as the months go by, or watch a 
function go to a “‘limit"’, etc. If you'd like a pause that's longer than % of a 
second, you can just add additional MB key sequences, and keep 
things in the display % of a second longer for each pause sequence you 
add. (Keep in mind, however, that each MM key sequence you add 
to a program will use up one of your 50 allowed program steps.) 





(id) MO n — THE 
LABEL KEY SEQUENCE 


MERGED CODES 





nm — Tue Lase. Key SEQUENCE 

This key allows you to Jabe! any point in a program (or an entire 
program), or a subroutine (subroutines will be discussed later). When in 
“learn” mode, you press the MM n key sequence, where nis any 
digit 0 through 9. This lets you label up to 10 points in a program. (Label 
numbers cannot be repeated in the same programs.) 


Labels in a program are convenient, because they work with other keys 
( (67) and [SBR ), to let you place the program pointer at any pointina 
program you select. Labels don't interfere with any program steps or 
calculations in progress — they are just reference “signposts” for you and 
the program pointer. You should put a label at any key point in your 
program — especially if you are going to want the program pointer to go 
(or “transier’) to that point as your program runs. If you label a program 
point, you can start your program running from that point easily by using 
key (we'll discuss this in a moment). 


Menrcep CopEs: 
The entire MGB n key sequence takes only one program step, 
because the calculator stores both the instruction and label digit with a 
special shortened code called a merged code. Try this on your calculator: 
Turn it OFF and then ON, press then MN The display now 
reads: 

00 86 O 
The first two digits are the step number: 00, the next two digits are the 
code for "label": 86, and the last digit (zero) is the location for the label 
number (0-9). You would now enter a label digit to complete the label — 
say 3. When you press 3 the display reads: 01 00, which is the next step 
location for program entry. 





There are several program key sequences that use this merged code 
format. Basically, these are any ol the functions that require a label 
number or memory location to be complete. (All the memory 
instructions _etc. are examples.) Whenever you see the third 
rightmost digit light up while you're programming in “learn” mode, the 
calculator is requesting a label or memory number (0-9). (Don't forget to 
put one in — and, also, keep a record of what each label or memory is 
being used for.) Note that the n key sequence also uses a 
merged code. 





n — THE "GO TO" 

KEY SEQUENCE 

nn — THE 

“GO TO A STEP NUMBER” 
KEY SEQUENCE 





n — Tue “Go To” Key Sequence 

This key sequence can be used as part of a program (when entered in 
“learn” mode), or right off the keyboard (when out of "learn'’ mode). 
Pressing n, where n is a /abe! number (0 through 9) immediately 
moves the program pointer to the label number n, In a program, when 
the program pointer encounters a n instruction, it goes right to label 
mn, and continues on from that point. (The nm sequence is stored as one 
program step — with a “merged” code.) 


The key creates what is called an "unconditional transfer” when you 
use itin a program. No matter what's going on, when the program 
pointer comes 'to a n, it goes right to the program label n and 
continues running. There are other types of program transfers made 
possible by combining the: n key sequence with other keys. These 
other keys let you place a condition right before the n instruction. 
When you use these other keys , you can build decision points into 

your program — and create what are called conditional transfers. 


The n sequence is handy in a variety of situations. You can, for 
example, write a long program that performs several different functions. 
lf you Iabel each function with its own label number, you can easily use 
each function individually — without running the entire program. When 
out of ‘learn’ mode just press [61] n (the label number of the function 
you want), and then start the program with the key. The program 
pointer will start up from the labeled point. 


nn — THe “Go To a Step Numsper” Key SEQueNcE 


This key sequence can be used only when out of “learn” mode. It simply 
lets you position the program pointer at any step number you choose. 
When out of “learn” mode, if you press ,and then any two digit 
program step number (00-49), the program pointer immediately moves 
to that step number. This feature is especially handy if you want to 
change or correct a program step (see editing keys — discussed later); or 
if you'd like to start the program pointer from some unlabeled point in a 
program. 


Try this on your calculator. Turn it OFF, then ON, and press 16. 
Now press . The display reads 16 00, telling you that you've moved 
the program pointer to step location 16. In similar fashion you could 
locate the program pointer at any step: 0 through 49. (Trying to go 
beyond step 49 results in a flashing error indication), 
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Gm — THE “DECREMENT 
AND SKIP ON ZERO” SEQUENCE 





— THe “DECREMENT AND Skip ON ZERO Key SEQUENCE 


This oe sequence is a powertul one. It lets you set up a repetitive 
calculation (or “loop’’) for as many times as you select. (You store the 
number of repetitions in memory zero). What this sequence really does is 
allow you to control whether or not the program pointer moves on to the 
step that immediately follows it, or skips that step and goes on to the next 
one. When the program pointer comes to a GM key sequence ina 
program here's what happens: 


- First, the contents of memory zero are decreased by one. (This 
assumes that a positive integer is in memory 0. Ii a fractional 
number is in memory zero, the calculator “acts’’ as if the next 
larger number is in memory zero. If a negative number is in 
memory zero, it is incremented by one.) 

The calculator then asks: is the content of memory zero equal to 
zero? 

- It the answer is no, the program pointer proceeds right on to the 
step following is: 

If the answer is yes, the program pointer skips the following 
instruction and continues. 


The step that immediately follows the MM key sequence can be 
anything, but a Nn instruction is often handy at this point for setting up 
repetitive calculations. For example, in the program situation shown in 
the diagram, the “series of program instructions’ would be executed 
repetitively because of the loop. 


The number of times the 
“instructions” were executed would 


7 ‘Series of cone be controlled by the number stored 
Program Instructions 


in memory zero (stored before 
running the program). Ifa 6 were 
stored in memory zero, the series of 
instructions would be carried out 6 
times, then the program would halt. 





Note that the series of instructions would also be executed 6 times if a 5.2, 
a —6, ora —5.2 were stored in memory zero before the program pointer 
arrived at this series of instructions. Also, be aware of the fact that since 
memory zero is involved whenever MM is used, it cannot be used for 
other storage purposes while handling a GM sequence, although the 
number in memory 0 can be used as part of the computational! sequence 
by recalling it. 
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Oa — THE 
“DECREMENT AND SKIP 
IF NOT ZERO” KEY SEQUENCE 








cs 


This key sequence works in the same fashion as the previous one, except 
the condition of the skip is reversed. When the program pointer comes to 
an [INV] GM key sequence, here's what happens: 
- One is subtracted from the contents of memory zero. (Again, it's 
assumed that the number in memory zero is a positive integer. 
If it's fractional, it acts as if the next largest 
integer is in memory zero. If the number in memory zero Is 
negative, one is added to it.) 
- The calculator then asks, is the content of memory zero equal to 
zero? 
- Ifthe answer is no, the program pointer skips the instruction 
immediately following the [IN] MH sequence. 
If the answer is yes, the program pointer proceeds right on to the 
instruction immediately following the is: 
This instruction is also handy for setting up repetitive calculations in a 
variety of programing situations, 


— THe “DECREMENT AND Sxip Ir Not Zero” Key SEQUENCE 








There is a family of instructions on your calculator designed to let you 
build decision-making into your programs. The basic operation of this 
family of instructions is similar — and they're quite easy to learn, but they 
are also flexible enough to allow a great deal of programming power. 


Basically when a conditional transfer key sequence is encountered in a 
program, the calculator immediately compares two quantities: the 
number in the display register (called x) and the number in a special test 
or t’ register (called t). (The “'t’ or test register is just memory 7 on your 
calculator.) The calculator then asks one of 4 questions about how x and 
t compare — depending on the program instruction you use: 


Isx = t? (Is x equal t?) 


(2nd) Es Isx # t? (Is x not equal t?) 
Ea sisx = t? (Is x greater than or.equal tot?) 
Is x < t? (Is x less than t?) 


If the answer is yes, the program pointer goes on to the instruction 
immediately following. If the answer is NO, the program pointer SKIPS the 
instruction immediately following and continues. 

Let's go through each of the conditional transier instructions (and the 
keys for using them) one at a time. 


[xext] — THE “x EXCHANGE WITH t” Key 


When this key is pressed the contents of the display register and the "'t’’ 
register (memory 7) are just exchanged. This provides a convenient 
method of getting any test, or t, value into the test register. 

(You can also use the [2nd] HM 7 key sequence, or simply the 7 
sequence if it is appropriate in your program.) 


— Tue “Is x Equat To t?” Key SEQUENCE 


You can enter this key sequence while in “learn” mode to have the 
program pointer take one of several pathways in your program. When 
the program pointer comes to this instruction in a program, the calculator 
compares what's in the display register (x) and what's in the “'t’ register 
(t) and asks: Is x equal to t? If the answer is yes, the calculator goes right 
on to the step following the ESI key sequence. If no, the pointer 
skips whatever instruction follows and moves on to the next instruction 
and continues. 


CONDITIONAL TRANSFERS 





The instruction that immediately follows the EM? key sequence can 
be anything, but you'll find a n key sequence especially useful, as 
shown in the diagram below: 






Calculator asks, 
Is x equal to t? 





[Next program steps | 


Again, key things to remember when using the El key sequence: 
‘The calculator asks the question: Is x = t? 
-If the answer is yes — it goes on to the step immediately following. 
-If the answer is no — it SKIPS the step following and goes on. 


OTHER CONDITIONAL TRANSFERS: 
— “Is x Not Equa To t?” (x # t) Key SEQuENCE 


This key sequence is entered into a program (while in “learn’’ mode) to 
create a conditional program transfer (or decision). When the program 
pointer encounters the “Is x not equal tot?” key sequence — | x=t 
— the following things happen: 
-The calculator compares the contents of the display register (x) to, 
the contents of the test register (register /). 
‘The calculator asks: Is x not equal (or unequal) tot? 
-If the answer is yes, the program pointer goes right on to the step 
that immediately follows. 
-If the answer is no, the program pointer SKIPS the following step 
and continues. 
Again note that the program step immediately following the c= 
key sequence can be any program step you choose, though a nis 
especially handy at these points. 





CONDITIONAL TRANSFERS 


— “Is x GREATER THAN OR Eouat To t?” Key SEQUENCE 
When the program pointer comes to this instruction in a program, the 
following things happen: 

*The calculator compares the contents of the x. and t registers. 

‘It asks the question: "Is x greater than or equal to t?” 

-If the answer is yes, it goes on to the instruction that immediately 

follows. 
‘If the answer is no, it skips the following instruction and continues. 


— “Is x Less THAN t?” — (x<t) Key SEQuENCE 


When the program pointer comes to this instruction in a program, the 
following things happen: 
«The calculator compares the contents of the x and t registers. 
‘It asks the question: “Is x less than t?” 
‘If the answer is yes, it goes on to the step immediately 
following the [inv] ES) key sequence. 
-If the answer is no, it skips the step immediately following, and 
continues. 
AppirionaL Notes: 
It's really quite easy to remember these instructions if you keep your eye 
on the big picture’; Basically you can have the calculator make any one 
of four tests: Is x equal t, is x greater than or equal t, or their inverses — Is 
x unequal t, Is x less than t? Whatever the case, the calculator makes a 
test and asks a question. If the answer to the question is yes, it goes right 
on te the step immediately following. If the answer is no, it skips the step 
immediately following, and continues. 


Note that the quantity x that's compared to t is the contents of the display 
register. The display register holds numbers to !1 digits, of 

which only 8 are actually shown (correctly rounded) in the calculator's 
display window. In certain cases these last 3 digits can affect the 
outcome of the comparisons described in this section. (These cases are 
rare, but if a problem should arise, it’s helpful to know about this 
possibility.) 








Using subroutines is not only a handy technique for saving program 
steps and breaking a large program down into easy to analyze 
segments: it's also just plain good programming practice. A subroutine is 
just a "miniprogram" you can write as part of any program. Anytime you 
need to use a set of program steps more than once in a program, its a 
good idea to make that series of steps into a subroutine. Here’s how: 


To make any series of program steps into a subroutine, all you need to do 
is: 

-Start the series of program steps with a Label. 

-End the series ol steps with an key sequence. 


Subroutines can be of any length, as long as your entire program with all 
its subroutines is no more than 50 steps. 


To Use a SUBROUTINE IN A PROGRAM: 
-While in ‘learn’ mode, anytime you need to use 
any subroutine, just press: n, where nis the label of the 
subroutine. You can use (or “call"’, as is sometimes said), a 
subroutine as many times as you d like in a program. 
When the program pointer comes to a n key sequence in a program, 
the calculator does the following things for you (illustrated in the 
diagram): 

(1) First, it ‘notes’ the step in the 
program where the n 
instruction occurs in a special 
memory (called the subroutine 
return memory). 

(2) The program pointer goes 
right to label n and starts 
executing the instructions after 
it, until it comes to the [av] 
instruction. 

(3) When the program pointer 
reaches the 
instruction, it returns to the 
point where the subroutine 
was called", and continues. 






Calculator remembers 
\. next program step. 


“Main” ProcRaM 


SuBROUTINE 








_ SUBROUTINES: Sl 


To Use SuBROUTINES RIGHT FROM THE KEYBOARD: 

One advantage of using subroutines in a program is that you can use 
any subroutine in the program separately from the program itself. To do 
this, just press n while out of “learn” mode. The program pointer will 
immediately go to label n and execute the subroutine. In this case the 
[INV] key sequence at the end of the subroutine will act just like an 
instruction. 


NoTEs ON SUBROUTINES: 

Using subroutines is good programming practice! Subroutines let you 
organize your programs easily (and thus can help you find errors — if 
they exist.) It's also easier for other programmers to understand and use 
your programs when they're in bite-size subroutine "'chunks’’. 


Your calculator is equipped with two levels of subroutine capability. This 
means that while you're inside one subroutine, you can ‘call’ or use 
another subroutine. You can't go to a third level, however. If a second 
level subroutine tries to ‘call’ a third, a flashing error condition will be 
created. The ‘subroutine return'’ memory has room for only two return 
locations. 


You can easily write any ol your programs so that they can be used 

as subroutines in other programs. (In fact, most experienced 
programmers suggest that you do this.) Naturally, this won't be practical 
for programs that contain close to 50 steps — but it’s a good procedure to 
follow for any shorter programs. To do this, just start the program with a 
label, and end it with an [iN¥) key sequence. The [INV] S88] key 
sequence acts just like an [R4) instruction if the subroutine return memory 
Is empty. 












Your calculator is equipped with a series of keys that allow you to alter 
your programs easily and rapidly to fit new problem solving situations, or 
to correct any errors you may have in your program. These editing 
features of the calculator let you get to any point in a program, analyze 
it, change a step, add or delete steps, or leave blanks” in the program 
for later use: 


As was mentioned earlier in this chapter, your calculator stores the steps 
in any program as a sequence of key codes. These codes are arrived at 
in a pretty straightforward fashion. The code for any number key on the 
keyboard is just the number itself (00 through 09). The key code for any 
first function key is a two digit number: The first digit is the row the key is 
in, the second digit is its column. (Rows are numbered from | to 8 top to 
bottom, columns from |} to 5 left to right, as shown in the diagram.) 


For example, the key code for the 
instruction is 32, is 23. For second 
functions, just add 5 to the column 
number — with the rightmost column 
being indicated by a zero. The code 
for MM is 28, the code for 

'f E@ is 30 





| 2 3 4 5 Columns for First Functions 

6 7% #8 a Columns for Second Functions 
When you first enter a program in “learn’’ mode, you won't see the key 
codes, because the program memory display always moves ahead to the 
next step. To see the codes in any program, you need to enter the 
program first, then go back and examine the codes. Here's how to do this: 
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PROGRAM EDITING: 


Let's enter a simple program to work with. We'll enter a program that 
displays the squares of the counting numbers (1, 2, 3, .. etc.) Key in the 
program as follows: 


PRESS DispLay/CoMMENTS 
OFF-ON 0 Clears entire machine 
[LRN] 00 00 

] 01 00 

01 340 

2 02 00 

02 330 

2 03 00 

04 00 

Pause] 05 00 

06 00 

0 


To run this program, just press and you should: see 1, 4, 9, 16, ete. 
Press and hold it momentarily to stop the program. Now, using this 
program you can check on the key codes and edit, using the keys and 
features described on this and the following page. (Press now to get 
back to the beginning of the program.) 


— SINGLE Step Key 


When used in “‘learn’’ mode, this key steps through your program one 

step at a time, and lets you check codes. Note that this key has no keycode 
of its own, and can't be entered as a program step. This key can also be 
used when out of “learn — mode, to execute a program one step at a time, 
For editing you press repeatedly, to see the codes for your program: 


PRESS DispLAY/COMMENTS 

00 01 | 

01342 SUM 2 

02 33 2 Rel} 2 

03 23 (= 

(sst] 04 36 Pause} 

05 71 Last program 
siep 

06 00 


WINGS MaARDoSe ee 
PROGRAM EDITING: 


[GTO] [2nd] ny 
(2nd) 


BST) _ Tye Backsrep Key 


This key operates in “learn” mode only, and lets you step back through 
your program one step at a time. Press repeatedly to go back 
through your program codes. (This key also has no code of its own and 
can't be entered asa program step.) 


[GTO] [2nd] nn 


As was already mentioned, this key sequence can be used when out of 
‘learn’ mode to go directly to any program step. Press to get out of 
“learn” mode, then press 0) 05. Then press again, The display 
shows 05 71 — you're at step 5 in the program which is the instruction. 


To CHANGE on Epi a PROGRAM: 


You can write over program steps, blank out program steps, insert steps 
or delete steps, Let's take q quick look at each of these: 


To Wrire Over a Procram Step: 

Just get to the exact step you want to write over, and simply enter the new 
keystroke or keystroke sequence. The new instruction will write over 

the old one and replace it. (The display will move on to the next step as 


soon as you do this, so you can go back and check the new code with the 
key.) 


— Tae "No Operation on NO-OP” Key SEQUENCE 

This sequence lets you blank out any instruction in your program with a 
-NO-OP" instruction that's simply ignored by the calculator. The 
key sequence lets you leave blank spaces In a program you can fill in 
later, or lets you “blank out” any instruction you wish. Just step to the 
instruction you want to blank out while in “learn'’ mode, and press 

- 4 NO-OP instruction (code 46) wil] replace the old one. 


— “Insert” Key SEQuence 


This sequence allows you to insert additional steps in a program easily. 
If you want to add instructions to your program, step to the program step 
that’s right at the point you'd like to add additional steps (while in 
“learn” mode), 


Then press [2nd] (iy. 
This moves all instructions from that point on down by one location, and 
leaves a blank space at the location you re at. Now you can add a new 
instruction. To add more instructions, just repeat the process. Note: Any 
Step at location 49 will be “pushed off" and lost when you press Lins 
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STEPS IN WRITING 
A PROGRAM 


—“Devete” Key SEQUENCE 

This sequence allows you to remove an ‘nstruction from a program, and 
close up the gap — moving all the following instructions up by one 
location. Just step to the exact instruction you want to delete, and press 
the WB key sequence. 


Steps In WRITING A PROGRAM: 

As you learn more about programming, you'll begin falling into a 
“natural rhythm” where programming solutions will begin to suggest 
themselves to you as soon as you're confronted with a problem. The 
actual steps you'll follow in getting to a program solution will naturally 
depend on your personal approach, but these steps suggest one way to 
proceed: 

1. Study the problem — gather the equations and procedures you'll need. 


2 Seta destination for yourself. Determine how you'll use the program, 
so that when the program is complete, you'll know what to enter, what 
keys you'll press, and what you want to see displayed. 

3. Plan the Program “Route” — Conceptualize how the program pointer 
will “flow’’ through the program (a flow chart or schematic diagram 
of the steps you'll follow may be helpful here). 

4 Write down the actual program steps (or, as you gain confidence, 
key them right into your machine). As you go along keep careful track 
of what is stored in each memory, and what any label you use 
signifies. These are items that are easy to forget, and forgetting thern is 
«common source of error and “'start overs . 

5 Once the program is entered, check it with known test data to be sure 
it's working. 

6. Edit and correct as necessary. 

7 Document or “write up’ the program carefully to save it for future use. 
Standard program record forms are provided tor this purpose and the 
form is arranged to follow the “steps in writing a program” that we ve 
discussed here. Once your program 1s wo king, you can press 
and then use the [S81] key to step through the key codes and record 
them on the program record form. This type of complete record will let 
you (or a friend) pick up the form at a future date and understand the 
program — how tt works, how to use it, and how to check it to be certain 
it's working. 


: DEVELOPMENTOF 


PROGRAMMING STYLE 


DEVELOPMENT OF PROGRAMMING STYLE: 
Whether you're Programming your calculator, or a large scale computer 


— keep one point in mind: there is no single unique programming 
solution to any problem. As YOu Gdin experience in programing, you'll 
find yourself developing your own unique style, “tricks of the trade”, and 
favorite techniques in getting at a solution. As you begin gaining 
experience, it's a good idea to review your techniques periodically to be 
sure you re using all the power of your machine. Don't be airaid to 
explore new routes, try new alternatives, and experiment with new 
methods. Programming is an excellent exercise in clear, common sense, 
logical thinking that many lolks enjoy (and some are quite addicted to). 
Your calculator is deliberately designed to allow you to get started 
easily, and then grow quite quickly into an expert in creating programs. 
Movine On: 

One more point: — your calculator is easy to use, and readily accessible 
and affordable. But, it incorporates most al] of the major features and 
functions of any large-scale computer! The concepts of a program 
memory, @ program pointer that moves through it, labels, go to 
instructions, loops and conditional transiers are common to all digital 
programmable devices. Once you've learned to program your calculator 
you'll find it quite easy to move on to programming any machine — no 
matter what the scale. Larger scale computers simply accept their input in 
different ways, have more ways to get output results to you, and in 
general are equipped to handle and store larger amounts of information. 
Most commonly a beginner will approach these machines by writing 
instructions one at a time, on cards, paper tape or magnetic discs. These 
one-at-a-time Instructions wil] resemble your keystroke instructions — 
particularly in most common beginning computer languages such as 
FORTRAN or BASIC. The keyboard design of your calculator wil] 

allow you to learn programming easily in either of these languages, after 
learning the basics on your machine. : 


In the next decade, logic and memory will become omnipresent in our 
everyday lives. Programmable devices will be everywhere — in the 
kitchen, in your home finances, in communications, in personal security, — 
everywhere, Learning the basics of programming on your calculator 

now, will prepare you for the sound use of these devices — and enable 
you to enjoy them as a natural part of your daily living. 





Even the most careful person makes mistakes from time to time. Your 
calculator is easy and straightforward to use, but sometimes through a 
programming oversight — even when you've carelully keyed things in — 
your program won't work properly. Here are a few tips and things to look 
for in troubleshooting basic programs. 


Your calculator will let you know about errors in a program In one ol 
several ways. If at any point in a program an inaccurate key sequence or 
series of operations creates an error condition (see Appendix C), the 
program will stop and show you a flashing display. This simply means 
that you've asked the calculator to do something in 4 program that it 
couldn't normally do even from the keyboard. 


Exceeding the display limits or using an incorrect key sequence will 
“stop the music’. In other cases you may not see a flashing error 
condition, but the results of your program are just plain wrong. It's 
always good practice to verily the accuracy of a program with test input 
data, whose program outcome you know. If youdon't get the result 
expected, it's time to look for a problem. 


When a program is not working — try to “think like the machine”. Go 
through your flow chart (and key codes) and execute — blindly — 
whatever it says to do there. You may find that you ve inadvertently 
boxed your program into some corner, The Sst key can be of help — both 
in and out of “learn'’ mode, in tracking just what may have gone wrong, 


_ Be sure you've reset the calculator wherever you need to — to get 
back to the beginning of the program. Also, be sure to turn the machine 
OFF and ON before beginning a new program — to clear everything. 


— Algebraic Operating System 
Remember that all the power of the AOS™ algebraic entry system is 
working for you — even inside programs. All operations will be carried 
out following the correct mathematical hierarchy. This order may not 
correspond to the order of entry you've used in your programs. 


Remember that your calculator will hold up to 4 pending operations, at 
any one time. 


If you have any doubts about the order in which expressions are being 
evaluated — remember that you can insert parentheses —LU] Ci J— to be 
certain that things are evaluated in the order you specily. 


; BASIC 


TROUBLESHOOTING 


Remember that special (single variable) function keys must follow the 
number they work on. If you want the sine of 30° at some point ina 
program, the keystroke sequence is 30 ie 


(=] Key — this completes any and all pending operations 

waiting to happen inside your machine — be careful using it. 

(Be careful of using ) in subroutines — discussed later. It's better to 
use [1] 0) keys to complete calculations when ina subroutine, 
because [=] will complete calculations in the main program as well.) 


Labels — Be sure you use any one of the 10 labels no more than once in 
any program. 


Angular mode — If you're using any ol the trig functions, remember that 
when you first turn the calculator on, it interprets all angles as degrees, 
unless you change things with the [xd] IMM or (mal Ey key sequences, and 
Stays there until you change again (or turn the calculator OFF-ON). 


Memories — Be caretul to. check and see that all operations using 
memories are working with the correct memory. Also, note that if you 
have 4 operations pending in any expression in your program — that 
memories $ and 6 will be used to hold some of the expressions. Any 
numbers stored previously in memories 5 and 6 will be lost if.a long 
expression involving 4 pending operations is entered later on. (Also, 
memory 7 is the “'t" register — you'll be learning more about it in the next 
section.) Memory zero is the memory used with the 2nd) EE key sequence 
— keep that in mind, too. 


You'll find that with a little experience your programs will run accurately 
and with little trouble. You'll also develop an “eagle eye” for a potential 
problem area once it's hit you one time — so the best way to learn 
troubleshooting is to keep using your calculator. After awhile you 
probably will rarely need to troubleshoot any ol your programs. 


APPLICATIONS 


Se ——E—ee 


e ON SALE. 

e COUNT OFF. 

e FACTORIAL. 

e COMBINATION. 

@ EVALUATING INTEGRALS. 
e LINEAR REGRESSION. 


e HI-LO 











ON SALE! 


In this case let's say you've got a job in a department store. The 
manager thinks that running sales is a good idea. In fact, he has his 
employees marking down price tags throughout the store quite often. He 
also likes to vary the amount of the discount from department to 
department, 25% for shoes, 15% in hardware, etc. In this programming 
situation we'll review some of what you've seen in the first example and 
expand on using memories as part of programs, 


DESTINATION 


You'd like to be able to go to any department in the store that you're 
assigned, key in the price of any item on the shel! . press [RS] and get the 
discounted price. You'd also like to be able to vary the amount of the 
discount as easily as your manager changes the discount amount from 
department to department. 


PLANNING THE Route 
When an item is discounted by 25%, you_can find the new price using 
the formula: New price =old price x (1-.25). In fact, for any discount 
amount you can find the new price from this same formula: 

New price = old price * (1 - discount) : 
In our program, we'll store the discount amount as a decima! number 
(29% = 0.25) in memory 3. Then we'll recall it as we need to in calculating 
the new price. 

New price = old price & (1- [Rei] 9). 


The advantage of doing this in your program is that if you go to a new 
department with a new discount rate, all you ll need to do is store the 
new rate in memory 3, then proceed. This technique is a handy one in 
many situations where you'd like to change a number ina program 
without rewriting the program itself. 





ON SALE! 










fer MAKING TRACKS 
ée~. 














| Clear the entire machine, and 
tell it to get ready to learn 






WY 







| Take what's in the display and 
| discount it using our formula. 







Stop and display the result 







Automatically go back to the 
beginning for the next calculation. 






l Tell calculator to stop learning. 
Reset the machine lor the first calculation, 


Enter your program caretully, following the keystrokes in the diagram. 


Ruwnninc It 

The manager has decided to take 25% olf shoes selling for $14.95, $17.99 
and $18.99. Then he'd like you to mark 13% off books selling for $6.00, 
$7.99 and $12.50. What should the new prices be? 





PREsS Display /CoMMENTS 

ie 2 0.00 This tells the machine to round 
the display value to the nearest cent 

0.25 0)3 0.25 Store the first discount rate as 


a decimal in memory 3 
Enter old prices & press to see new ones: 


14.95 Ra) 11.21 

17.99 13.49 New prices 

18.99 14.24 

0.13 St9}3 0.13 Store the new discount rate 
Enter prices discounted for 13%, & press RA) to see new prices: 
6.00 5.22 

7,99 [nz 6.95 New prices 

17.50 15.23 


Note in this case that by storing the discount rate in memory 3, it's very 
easy to change rates as you move from department to department. 
Next Stop 

You'd like to keep track of all the marking up and down you do all day. 
Could you rewrite the above program to keep track of the number of 
items you've marked down in memory 4? 
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COUNT OFF! LOOPS 
WITH &on AND 2oq) mum n 





You've already seen — and will continue to see — how it's often 

handy to be able to “count'’ inside your programs. There are many ways 
to accomplish this — and in the looping examples we'll discuss in this 
chapter we'll be showing you quite a few of them. 


There are also quite a few ways to make loops or ‘round trips’ happen 
for you. You've already seen how to do it easily with a RSil at the end of 
your program. The IRst] key, however, always starts you night back at the 
beginning — so your whole program is “in the loop’. There may be times 
where you'd like a “round trip” to involve just part of your program. 
Here's where the 6 key, working with labels. can be handy. To create a 
loop that only involves one part of your program just: 
* Puta label where you want the loop to start with the Gad Il nkey 
sequence (nis one of your labels, 0-9). 
* At the end of the “loop”, make sure the last instruction is Gln 
(where n is the same labe! number). 


Here's a counting example that involves loops: 


DESTINATION 
You'd like to cook up a program that sets your calculator counting by !'s, 
2's, 4's, etc. — whatever number you'd like. You'd also like to start 
counting from any number you select. The way you'd like things to work 
for you is as follows: 
* You'll enter the number you'd like to count by, and press 
* You ll enter the starting number” and press RA]... 
The calculator will then count by whatever number you ve 
selected, beginning at your “starting number". 


PLANNING THE Route 


In the first part of the program we'll store the first number entered — the 
number we're counting by — in memory 1. Then we'll store the starting 
number for our counting in memory 2. Now, after you've stored these two 
numbers, you won't want to return to this portion of the program for the 
counting sequence, so put down a label — telling the calculator this is the 
point to come back toin the “loop”. 


After the label, write the “counting” portion of the program. One way to 
do this is to recall the number you're counting by (in memory |), and sum 
this to the starting number (in memory 2). This is the first number in the 
counting sequence, so recall memory 2 and pause to look at it. Then just 
repeat the process by returning to the label. 


; 
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~~ COUNT OFF: LOOPS WITH 
n AND i n 










JAX MaxinG TRACKS 


TULL 















—WY | Clear the machine. OFF-ON 
Get in “learn” mode | 
When you're running the program, 
you'll enter the number 
you are counting by at this point. 
Take displayed number i 


and store in memory | 


=" 
is 
4 
de 
ia 
= 


At this point you ll 
enter the starting number. 


‘ae 






Take displayed number 
and store in memory 2. 





it ti 








oa 


r 
|= 
f 
a 


oe 













| Count: 
| Here you're adding the number 
| you're counting by (in memory 
1) to the starting number (in 





6 

| memory 2) and recalling. fn 
Hl " 
i : 

= = - : | 
| 
Tr r 
I} _ 
: 

; a 
- a = | a 
Go back to Label | and repeat [ | RS 






| Get out of “learn mode 
and reset 








COUNT OFF: LOOPS WITH 
n AND EW n 


:g me eee 
Runnine Ir 
Enter the program caref ully from the flow chart. To start counting, 
simply: 
¢ Enter the number you'd like to count by (say 5), and press RA). 
* Next; enter the number you'd like to:start with (say 120), and press 





(R45) again. 

Your calculator will start counting: 
125. 
130. 
135. 
140. 
145. 

Next Stop 


_ Write @ program that lets you take any number you’d like, and raise it to 
powers that go up from zero in steps you select. For example, you enter a 
13, press [R&), enter 2, press [RSland the results 
1. (or 13°) 
169. (or 13°) 
28561. (or 13*) 
4826809. (or 13*) 





etc. 
are displayed. (Use the 7") key) 











FACTORIAL! 
LOOPS WITH (204) Ha (cro n 





An idea that crops up often in studies ol probability and statistics is 
what's called the factorial of a number. The factorial of a number is 
indicated with an exclamation point "'!"".So0,"17 factorial” is written 171. i 
you've ever wondered how many ways 17 people could arrange 
themselves in 17 chairs — the answer if 17!. The factorial of any number, 
say 5, is calculated by multiplying the number “out"’ as follows: 

Si = 5% 4x3 X28) 
The factorial of any number, N, is equal to: 

N= N X(N —J)-x. (N=)... 
(The number 0! is defined to be lL.) 


DESTINATION 


Write a program that allows you to enter a number (say 17), press RS, 
and have its factorial calculated and displayed. 


PLANNING THE ROUTE 


This example is a “natural’’ for use of the (2nd) i (670) n key sequence to 
generate the numbers 17, 16, 13, ... 3.2. lin memory 0. We'll enter our 
number, load it in memory zero, and putina label (Label 1) right after 
that point. Then, we'll recall memory zero, hit the multiply key and then 
enter the Gad] Ml Gl] key sequence. You can visualize the loop something 


like this: 
Recall number in memory 0 4 Multiply | 


Decrease the quantity 
inmemory 0 by | 









If the first number placed in memory 0 is 17, then the first time around the 
loop would produce 17 (€], and the quantity in memory O would be re- 
duced to 16. After the next loop you would have 17 16 Gd, and 15 would 
be stored in memory 0. This loop would continue to generate the required 
series for the factorial. 

After this loop has “finished'' and memory 0 is at 0, we'd like to see the 
results of all the products. However, since the last thing the calculator is 
told to do is D2), an =Jcannot immediately follow as Db) = ]produces an 
error signal. To avoid this, you can puta "1 " at the end of the 
program, and the “final product” ([.) | ©) gives the correct result. 
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FACTORIAL! LOOPS 
WITH ca n 


Maxine Tracks: FACTORIAL Procram 
















Clear the machine 
Get into ‘learn’ mode. 
When you run the program, you'll 
enter the number at this point, 





Store displayed number 
in Memory zero 













Label this point 






Recall memory zero 
and multiply 


ttt ttt 





Control the loop with HM instruction, 


At this point the calculator subtracts | 
from memory zero, and examines result. 


IF ZERO IFNOTZERO | 


Go back to label | 1 thr 








| 7 
crit. 


ioe 


ik 


* 


*. 


Complete the DX] operation with 
] , and stop. 






Reset for each new problem. 


Get out of “learn” 
and reset 











FACTORIAL! LOOPS 
WITH Ee ic n 


iS 


Runnine It 


Enter the program carefully from the flow chart. Once entered, to 
eaiculate the factorial of any number (positive integer less than 70), just 
enter it and press IRS). 

Some examples: 


PRESS DispLay/COMMENTS 
5 120. or SI 

10 3628800 or 10! 

17 3.5568743 14 or 17! 

50 3.0414093 64 or 50! 


Notice that this last calculation keeps your calculator busy for quite some 
time. Remember any time you put your machine into a loop — give it time 
to crank out the result. Some loops can take hours — even days! Note also 
that this program will give you an incorrect result for 0! Il you enter O and 
press [RA)— the result is zero, not | asit should be: You might want to 
develop a program where you do not get an incorrect result for 0!. 


As we've already mentioned, using the 2d) Hllkey sequence will come in 
handy in a variety of situations. In this section we've introduced a few of 
its most straight-forward uses. In later sections we ll be speaking more on 
the “ins and outs’’ of its application. 


Next Stop 


Develop a program that displays the factorial of the numbers 1, 2, 3, 4, . .. 
etc. You'd like each integer displayed for two pauses, then its factorial 
displayed for three. 











COMBINATIONS: 
o 
(ser) AND [inv] (sar) 





Let's consider a program example from statistics that:involves the use of 
subroutines. A “combination” calculation arises when things:are being 
put together in groups (say 10 items grouped 3 at a time without 
repeating). The general formula for the number of ways n things may be 
combined, r at a time, is written (®) or ,C, and equals: nl 

(n—r)lr! 
(remember that n! means “n factorial’ — see Chapier 4). 
DESTINATION 


You want a program that allows you to enter the total number of the 
things you are looking at (n) and press ; then enter the number you 
want in each group r, press , and the calculator will display the 
number of combinations of n things taken r at a time (2 :), 


PLANNING THE Route 

To compute the factorial, we'll use a subroutine that works with the [2nd] 
Mm key sequence as we described previously. We can “lift” the 
factorial program described in that example and use it as a subroutine 
here, by just starting it with a label, (label 2), and ending it with an_ [inv] 
key sequence. 





We'll calculate n!, store it in memory 1; calculate r!, store it in memory 2: 

calculate (n—r)!, store it in memory 3; then use these results to compute 
C= n! 

© {n—r)i rl 


Maxine TRACKS 
Enter the program carefully from the flow chart on the next page. 
Ruwnnine It 
Using your program,calculate the number of poker hands (5 cards) that 
can be dealt from deck of 52 cards (,,C.), 
PRESS DispLay/COMMENTS 
92 8.0658175 67 (This is 52!) 
Note: Allow time for your 
calculator to finish, 
5 IRS) 2598960. the number of possible 
poker hands from a 52 
card deck (,.C.). 
Now let's say you would like to use just the subroutine part of the 
program to find !0! 
10 2 3628800. (this is 10!) 
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Clear the entire mochine: E OFF-ON 


Get into “learn” mode 












Store (n—r)! in memory 3. 







Caiculate n! 
in—r)lrl 
} then stop & reset 


| Label subroutine 2. 
== - —F - Sr 


| Store displayed number in zero. 
| —<3 = = — 15 


| Caleulate factorial. 





4“ 
(see program in Chapter 4). 


End of subroutine. 








Ii you've had any calculus courses, you're probably familiar with the 
integral symbo!"'/"’. This symbol stands for “the integral of" and 

./" {(x)dx is read "the integral of f(x) from a to b"" — and represents the 
area under the curve y = {(x) from point a to point b as shown in the 
figure. 


If you know the techniques of 
integral calculus, you know that 
there are methods allowing you to 
evaluate this integral exactly. You 
also know that in some cases this 
evaluation may be extremely 
difficult, or even impossible! 

In these cases, approximation 
techniques are sometimes used. 
One of these approximation methods 
is called Simpson's approximation. 


When using Simpson's 
approximation (or Simpson's rule, 
as it's often called), you divide the 
area under the curve into an even 
number of parts (n). The width of 
each part, w, is then given by: 

w = 4+ In the figure shown, we've 
divided the area into 6 parts, so 

w = 24 To compute the 
approximate total area under the 
curve (the approximate value of 
the integral), you use the following 
formula: a 


Area = 3 x (Yj wait 2Y, + 4¥, 4+ ....4 2¥,_, + 4¥, + V2.) 





This formidable looking formula is actually quite easy to evaluate with 
the program we'll develop in this section. 
Here Y, = the Y value withx = a 

Y, = the Y value withx = a + w 

Y, = the Y value withx = a + w+ w, 


ec: 


Yas: = the Y value with x = b 
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EVALUATING INTEGRALS: 
SIMPSON'S RULE 





As an example, we'll write a program for (and evaluate) the integral ol 
y = 2x? + 3x — | froma = 1 tob = 5, usingn = 6. (Note, the integral 
approximation gets more accurate as n is made larger.) 


DESTINATION 


We'll construct a program with a subroutine that repeatedly solves the 

equation y = 2x? + 3x — 1, for each value of x between a and b. 

Then using these values Simpson's approximation will be 

computed. The program will be constructed so that you'll: 

- Enter n (number of divisions — must be an even integer). 

and press 0. 

Enter b and press 1. 

Enter a and press 2. 

- Press _and atter a wait, the display will read the integral of 
the function. To evaluate the integral of any new function all that must 
be altered will be subroutine |, which evaluates the function. Just press 
1 while out of LEARN mode, press , enter the new function 
{remembering that x is in memory 2) and end with an. [IN] 

Press again, enter your new values fora, b, and nand continue. 


PLANNING THE Route 

Since y = {{x) = 2x? + 3x — ] needs to be evaluated many times in this 
program, and needs to be easily changeable so that other integrals can 
be evaluated, we'll place it in a subroutine at the end of the program. 
We'll begin the program by calculating w = *2, storing it and recalling 
as we need it. We'll include program steps to find the right multiplying 
number (called coefficients) for each Y" term in the Simpson's rule 
formula: 

Area =3% +4¥,.+ 2¥, + 4¥, +... + 2Y,., FAY, + Ya a)- 


(Note that the coefficients of Y will either be 1, 2, or 4 depending on 
which term we're evaluating.) We'll use subroutine | to evaluate each 
Y term, multiply by the correct coefficient and sum the result to memory 
3. Then we'll step to the next x value, determine a new coelticient, a 
new Y value, and repeat for n steps. At the end of these steps, we'll 


compute Y,.,, sum it to 3, multiply by z and display the final result. 








EVALUATING INTEGRALS: 
SIMPSON'S RULE 


——————— — 


Maxinc TrRAcKs 


Enter the program carefully from the flow diagram on the following page. 


Runnine It 
Again, keep in mind that this program evaluates the integral of 
y = 2x’ + 3x — |. To change‘to another function: 

- Be sure you're out of learn". 

- Press I. 

: Press (LRN) . 

- Enter the new function. 

* End with an [INV] sequence. 


To evaluate 2x' + 3x — lfora = 1,b = 5,n = 6: 


Press DispLay/CoMMENTS 

6 0 6. Enter n, 

5 1 5. Enter b, 

] [Sto] 2 l. Enter a, 

114.66667 The approximate integra! 


value — give your calculator 
some time to finish. 










VEN 





eee ha 





citi 


EVALUATING INTEGRALS: 
SIMPSON'S RULE 





MakinGc TRACKS 


Clear entire machine — get into “learn” 


















Compute b = and place in 





memories | and 5. a 
| The coellicient of ¥;. 


Label point where correct 
coefficient for Y is inserted 

















Evaluate Y, multiply by correct _ 
coefficient, sum result to memory &. 


| Generate next x value in memory 2 






Repeat computation n times. 
Is memory zeto = 0? 


ses onseene | 









Compute Y,., value; sum to 3, | 
multiply byand display final result 
SE ee > Oe ua 
Place previous coefficient used in 
“t register, & compare it to “4° 















is4 in display = t? 
: = 


li previous coetticient was 4, change to Z, 








Subroutine | for evaluating 
y — f(x). (Can be changed for 
new expression.) 


| G 











As most of us progress through school or business, there will be times 
when we would like to predict the outcome of some future event — based 
on our knowledge of how similar things have gone in the past. You might 
want to predict the effects of changes in diet on animal growth in the 
biology lab. Or if you're a businessman, you might want to predict what 
elfect an increase in advertising will have on product sales. In either 
case you want to be able to take a known set of data, and use it to 
establish a straight line graph, and then predict from the line what the 
outcome should be in the future. 


Regression 
or trend line The way you normally do this is to 


"draw" a linear (straight) line that 
best represents the graph of all of 
your known data or test points. Then 
you can extend the line either way to 
predict similar events. Data points 
are usually expressed as two 
numbers, an x coordinate and a 

+ tatowstl Lk, X, ¥ coordinate for each point you're 

(b) | plotting. 





Determining and drawing the best straight line through a variety of data 
points is pretty much a hit or miss matter when drawing a graph. With your 
calculator, however, you can take this program and handle several 
aspects of the problem easily. 


r 
First of all, any straight line graph can be expressed as the equation: 
y = mx + b. Here mis the slope of the line, and b is called the 'y intercept". 
The slope (m) of the line, is the ratio of its “rise” to its “run” and the 
intercept (b) is where the line crosses the y axis. Once you know the slope 
and intercept of a line you can easily draw it. Then, with your graph you 
can extend the line to use it in making calculations and predictions with 
your data — as we'll show. 


With your calculator, you can calculate the slope and intercept of a line 
through your data points. Finding these values can be rather involved, 
however, and this is an area where programmability will bring a real 
payoll. The formula for calculating the slope is given by: 

n 
ome Wii 
1 == 


= | =~ § 
m= xy 








LINEAR REGRESSION 


ranean 
The formula for the intercept is: 

b = ¥ — mx 

n 

ee means the sum of all data coordinates multiplied together, 

starting at | and going to n;(x,y,, %:Y2, -..). With the help of some special 
keys on your calculator and the program we'll develop, you'll be able to 


solve for m and b with a fraction of the effort normally involved in handling 
these complex formulas. 


The program will also allow you to use your data to make predictions. 
Once you find m and b, you'll be able to enter a new "x" value and get 
its corresponding “predicted” “y” value on the line using the formula 
y = mx + b. Oryou can enter a “y" value and “predict” the 


corresponding “x” value on the line using the equation + sos 


m 

This program also lets you find a number called the coefficient of 
determination (labeled r). The number r (computed from r’ with a simple 
keystroke) is called the absolute value of the correlation coelilficient. 
This is a measure of how well your data points correspond or correlate to 
your line. This helps determine the accuracy of predictions you make 
from your line. A value close to | indicates a high correlation. (The 
calculator could fit your points accurately to a trend line.) A value close 
to zero indicates that the sets of data have a low correlation and the 
trend line developed by the calculator is not as reliable for predictions. 
The formula for r’ is: 


m* Ox? | 

The program we're about to embark on involves many, many 
calculations and will pretty well “load up" your calculator, The important 
point is that with your calculator handling the difficult mathematics, you 
can use the powerful tools of linear regression for prediction and 
planning, without getting stopped by the mass of computation involved. 


rm 
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DESTINATION 


We'll develop a program that allows you to enter all of your data points 
easily, and then compute m, b, and r. Then you'll want to be able to 
compute a “y” value for any given x" value, or for any given y to find a 
corresponding ''x” value. To do all of this you'll follow these steps: 

- Enter data points by entering x, pressing , then entering y and 
pressing . You'll do this until all of your (x, y) data points are 
entered. 

- Then to find m, press 0. 

- To find b, press 1, 

- To find r’, press 2. Then to find r. 

(Remember a "r'’ value near one means good correlation, a value near 
zero means that the calculator could not reliably correlate your data 
to a straight line.) 

* To predict what value on the line that y will have for a given “x'’ 

value, just enter the "x" value and press 3. 

* To predict what value on the line that x will have for a particular y, 
enter the ‘y'' value and press 4. 


PLANNING THE Route 

The first step will be to enter all the data points using the special data 
collection keys on your calculator. These are the => Ea and 
GE keys on the lower right of the machine, described at the end of 
Chapter 2. 


Rather than pushing [2s4) EJ for each entry, we'll include a simple 
sequence in the program to help in entering data points. Then we'll 
divide the rest of the program into five subroutines to calculate m, b, r. 
and to find x or y. Follow the flow chart carefully as steps have been 
conserved using memory arithmetic. 


Maxine Tracks 
Key in the flow chart carefully from the Making Tracks chart on the next 
page. 
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Jax MAKING TRACKS 


Peeve Terry 
ULL 
each tad sieherinieeepeeci reel 








OFF.ON [RN 


Corre cil and into “learn”. 


{You'll enter x press 
then y & [R/S] ) 


















Enters each data point 4 resets. 


= iF 


Identifies subroutine 0. 


Solve for the slope, m 


al ee 
| Identifies subroutine | 
Ad ; ii 


Calculates the y intercept, b. 





Finds y to correspond to 
entered value ol x 


Identifies subroutine 4 





Finds x to correspond 
to entered value oly 


Note: You won't need to leave “lear as all 50 steps are used and the calculator leaves 
“learn” automatically 
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Ruwnnine It 
Test Scores vs. Performance: An Example 


Let's say you're a businessman and your sales manager is spending a 
considerably sum on a test for prospective sales employees. You'd like to 
see il this test is actually telling you anything about how well the 
employee will function in the field. Does a higher test score mean 
superior sales perlormance? How strong a correlation is there between 
these two factors in your business? If there is a good correlation, you'd 
like to know the slope and the intercept of the straight line, so you can 
use these values for future predictions. Also, you'd like to know 
specilically what a test score of 9 predicts in sales performance: and 
what value test score would indicate a sales performance of 75. 


Let's say you have samples of the test scores for 10 employees, along with 
records on sales performance expressed as the percentage of the time 
that each employee exceeded his or her weekly sales goals last year. 
The data is tabulated below: 


Employee Sales 
Employee Employee Test Score (x) Performance (y) 
Jerry 5 10 
Ross 13 30 
Joe 8 30 
Ralph 10 40 
Mary 15 60 
Gary 20 30) 
Dean 4 20 
Carole 16 60 
Ted 18 50 
Alecia 5 20 


Follow the steps below in entering the data, and analyzing it to make a 
prediction: 
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Press 
ct Gea 

5 Get] 10 l. 

13 et) 30 2. 

8 [st] 30 3. 

10 40 {Rss} 4. 

15 60 5. 

20 (#:t] 50 6. 

4 {z:t] 20 7. 

16 60 8. 

18 50) 9, 

6 (z:t] 20 (RAS) 10. 
0 2.6837607 
1 6.1367521 
2 0.7497339 
0.8658717 
| 3 30.290598 
75 4 25.659236 


DispLay/CoMMENTS 


Clear memories and to get started. 
Then enter your data.* 


Note: your calculator 
keeps count of each 
data point you enter. 


You've entered your 10 
data points. 

To lind the slope 

=m 

To find the “y" intercept 


To find the correlation factor 

= r 

=r There isa fairly good 
correlation— the r value is 
reasonably close to + |. 

What sales performance would 
a test score of 9 predict? 
Prediction: about a 30% 

sales perlormance above goal. 
What test score would indicate 
a 75% above goal sales 
performance record? 

An employee with a score of 
about 26 should achieve a 75% 
above goal sales rating, 


*Note: If you make a mistake entering any data point, you can remove 

the bad point by re-entering it following this sequence: re-enter "x" value, 
press Then re-enter y value and press [IN] Ema. Then proceed 
with corréct data points as shown above. 








How many guesses will it take you to discover a “secret” number 
between 0 and 1023? You'll get a clue after each guess (you're told 
whether your guess was “high” or “low’). This program makes your 
calculator a game that's fun to have along on trips in the car, while 
camping — anywhere. 


To PLay THE Game: 

The "'Hi-Lo” program uses an initial entry number (less than one) to 
generate a ‘secret number" for you to quess. Each time you guess, a plus 
| is displayed if your guess is too large, a minus one is shown if your 
guess is too small, or the secret number is flashed if you guess correctly. 
After you key in the program, you'll follow these steps: 

* Press , then enter the time of the day, the number of the 
month, and the dey of the month. (This gives a convenient starting 
number less than |.) Now press . At this point, your calculator 
‘knows’ its secret number; and it displays a zero — telling you it's 
ready to play. 

Now try to quess the number by entering your quess and 
pressing 4 li your guess is "Hi" a ] is displayed: if low, a —1 
is shown. If you guess right, the secret number flashes, 

To guess again, enter your new number and press 4 

Alter you've guessed correctly, press 1 to see the number of 
guesses! To play again, press to stop the flashing and ] 
— telling the calculator to create another secret number for you to 
guess. Then, just enter your number, press 4 and “quess 
away’. 


Maxine Tracks 
foams ey in the program using the Hi-Lo keystroke chart. (Don't forget OFF-ON 


XY and [LRN] } 














HI-LO 





Hi-Lo 
KEY EOC. CODE KEY LOC CODE 
OFF-ON 7 23 327 
0 a0 320 24 15 
7 1 01 86 | [R/S] 25 8] 
0 02 00 4 26 a6 4 
MD 03 32 | 2 27 322 
04 30 | 28 0) 
D5 75 sum) 29 34 | 
0 06 33 0 2 30 33:2 
a7 a5 LINV| 37 =76 
[¥*) 08 35 [GTO] g 32 518 
8 09 O08 93 66 
1D BS Gro) 7 34 51.7 
Lt] 11 49 | 35 0) 
(=) 12 85 =) 36 B5 
0 13 320 37 81 
x) 14 55 Wl s 38 86 8 
| 15 01 | 39 Ol 
0 7 16 o0 fe] 40 R4 
2 \7 02 4] a5 
3 18 03 [RA] 42 a1 
[+] 19 75 Da 7 43 867 
20 a 7 44 337 
(=) 21 BS 3 a5 519 
22 49 
RuNNING IT 
Here's how a typical game might go: 

PRESS DrspLay/CoMMENTS 

Enter random number (less 
than |)of your choice. 
24341) 
0 Secret number ready 

500 4 1. Guess too high. 

250 4 —]. Guess too low. 

400 [sar| 4 —1. Guess too low, 

450 (SBR | 4 —]. Too low. 

475 {seri 4 1. Too high. 

470 (SBR) 4 l. Too high. 

466 4 466. Flashing — you re right. 

1 7. It took 7 tries. 


To use again, press [GR] [S8R} 1. Then enter your guess, press 4 and 
you re going again. 
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APPENDIX A: BATTERY 
AND AC OPERATION 


NorRMAL OPERATION 


Your calculator is designed for portable operation with periodic 
recharging of the battery pack with the adapter/charger supplied. It is 
important that the proper adapter/charger is used. If replacement of the 
battery pack or charger becomes necessary, be sure that an exact 
replacement is obtained. 


Charger 
Number 





Note. Two different combinations of battery pack and adapter/charge 
may be used with your calculator. The BP/6 battery pack is used with the 
AC9900H-UK adapter/charger. The BP/7 battery pack is used with the 
AC9900R-UK adapter/charger. 


Caution : Use of other than the proper Adapter/Charger may apply 
improper voltage to your calculator and damage the unit. 
—— EE I TO SN CaMage the UIT. 


To ensure maximum portable operating time, connect the 

Adapter/Charger to a standard 240V/50 Hz outlet, plug into calculator, 

and charge battery pack at least 4 hours with the calculator OFF or 10 
hours with the calculator ON. The adapter/charger and battery pack 

may become warm when used on AC power. This is normal and of no 
consequence, (Caution : The BP-6 battery pack should only be recharged 
while properly installed in your calculator.) 


Make certain 
Alignment Bar 

on Adapter Plug 
matches Guide Slot 
in Calculator 


=i 
Guide oe srg i as 


Slot 





=, - ~ 


APPENDIX A: 
BATTERY AND 
AC OPERATION 


When the battery pack is fully charged, the calculator will operate 
approximately 3 to 4 hours before recharging Is necessary. However, 
don't hestitate to connect the adapter/charger if you know or suspect the 
battery pack is nearly discharged. A battery pack near discharge can 
adversely affect all calculator operations giving erroneous results. A 
discharged battery pack is typically indicated by a dim, erratic or blank 
display. 


While individual cell life in a battery pack is difficult to predict, under 
normal use, rechargeable batteries have a life of 2 to 3 years or about 
500 to 1000 recharge cycles. 

Periopic RECHARGING 

Although the calculator will operate indefinitely with the 
adapter/charger connected, the rechargeable battery pack can lose its 
storage capacity if it is not allowed to discharge eccasionally. For 
maximum battery life, it is recommended that you operate the calculator 
as a portable at least twice a month, allowing the batteries to 
discharge, then recharge accordingly. 


Excessive Barrery DISCHARGING 

If the calculator is left on for an extended period of time atter the battery 
pack is discharged (accidentally leit on overnight, for example), connect 
the adapter/charger for at least 24 hours with the calculator OFF. If this 
does not restore normal battery operation the battery pack should be 
replaced. Repeated occurrences of excessive battery discharging will 
permanently damage the battery pack. 


STORAGE 

Ii the calculator is stored or unused for several weeks, the battery pack 
will probably need recharging before portable use. The battery pack will 
not leak corrosive material; therefore, it is sale to store the calculator with 
the battery pack installed. 


| APPENDIX A. 


BATTERY AND 
AC OPERATION 


BATTERY Pack REPLACEMENT 


The battery pack can be quickly and simply removed from the calculator. 
Hold the calculator with the keys facing down. Place a small coin in the 

slot in the bottom of the calculator. A slight prying motion with the coin 
will pop the slotted end of the pack out of the calculator. Care fully 
disconnect the wires that attach the battery pack to the seesiciow The 
pack can then be removed entirely from the calculator. 








The metal contacts on the battery pack (where charger and calculator 
piug in) are the battery terminals. Care should always be taken to 
prevent any metal object from coming into contact with these terminals 
and shorting the batteries. 


To re-insert the battery pack, first, attach the connecting wires to the 
terminals of the battery pack. Alignment should not be a problem as the 
connecter will only fit in one position. Then, place the pack into the 
compartment so that the small step on the end of the pack fits under the 
edge ol the calculator bettom. A small amount of pressure on the battery 
pack will snap it properly into position. (Do not force. It will fit easily 
when properly oriented.) 











In the event that you have difficulty with your calculator, the iollowing 
instructions will help you to analyze the problem. You may be able to 
correct your calculator problem without returning it to a service facility. If 
the suggested remedies are not successful, contact the Consumer 
Relations Department by mail or telephone (refer to “If You Have 
Questions or Need Assistance” later in this appendix). Please describe in 
detail the symptoms of your calculator. 


Symptom Remedy 
1, Display is blank forno obvicus | Press and hold momentarily. If 
reason. display returns, the calculator was 

running a long program or operating 
in a continuous program loop. 
The battery pack may be discharged 
or improperly installed. Also, check to 
be sure the ON-OFF switch is fully in 
the ON position. 


2. Display shows erroneous The battery pack is probably 
results, flashes erratic discharged or improperly connected. 
numbers, grows dim, or goes Refer to Battery and AC Operation in 
blank. appendix A. 

3. Display flashes while An invalid operation or key sequence 
performing keyboard has been pressed or the limits of the 
operations. calculator have been violated, See 

Appendix C for a list of these 
conditions. 


If none of the above procedures corrects the difficulty, return the 
calculator and charger PREPAID and INSURED to the applicable 
SERVICE FACILITY. 

li the calculator is out of warranty, service rates in effect at time of return 
will be charged. Please include information on the difficulty experienced 
with the calculator as well as return address information including name, 
address, city, state and zip code. The shipment should be carefully 
packaged, adequately protected against shock and rough handling and 
sent to one of the Texas Instruments Service Facilities listed with the 
warranty. 








APPENDIX B: 
IN CASE OF DIFFICULTY 





For TECHNICAL ASSISTANCE 


For technical questions such as programming, specific calculator 
applications, etc., you can call Bedford : 0234-63181, As an alternative, 
you can write to : 

One of our addresses in Europe 

(See back cover of this manual) 


Because of the number of suggestions which come to Texas Instruments 
from many sources containing both new and old ideas, Texas Instruments 
will consider such suggestions only if they are freely given to Texas 
Instruments. It is the policy of Texas Instruments to refuse to receive any 
suggestions in confidence. Therefore, if you wish to share your 
suggestions with Texas Instruments, or if you wish us to review any 
calculator program key sequence which vou have developed, please 
include the following statement in your letter : 
“All of the information forwarded herewith is presented to Texas 
Instruments on a nonconfidential, nonobligatory basis: no 
relationship, confidential or otherwise, expressed or implied, is 
established with Texas Instruments by this presentation, Texas 
Instruments may use, copyright, distribute, publish, reproduce, or 
dispose of the information in any way without compensation to 
me.” 











A flashing display indicates that the limits of the calculator have been 
violated or that an invalid calculator operation has been requested. 
Pressing [CE] or stops the flashing: also clears the display and 
pending operations. stops the flashing only, permitting further 
ealculations with undisturbed pending operations. The display flashes 
for the following reasons: 

|. Calculation entry or result (in display or memories) outside the range 
of the calculator, +1 x 10-# to +9.9999999 = 10” . The exceeded 
limit is flashed, indicating undertlow or overtlow. 

2. Inverse of a trigonometric function with an invalid value for the 
function such as sin~'x with x greater than |. The invalid value x is 
flashed. 

3. Root or logarithm of a negative number. The root or logarithm of the 
absolute value of the number is flashed to indicate the sign error. 

4 Raising a negative number to any power (or root). The power (or root) 
of the absolute value of the number is flashed. 

5 Pressing two operation keys in succession. This affects C2), J, 
x), Gel, and (F*] (for </Y¥). The last entered number is 
flashed. 

6. Pressing or (1 alter GI], ©), Ge), G1, G2, or tw) =) (for 

/¥) The last entered number is flashed. 

7. Having more than 9 open parentheses or more than 4 pending 
operations. The |0th parenthesis or sth operation Is not accepted so 
calculation can continue. The last displayed number is flashed. 

8. Dividing a number by zero. "9.9999999 99” is flashed. (Except 0 Le! 0 
[=] | flashing.) 

9. Pressing an operation key before completing any memory operation, 
fix decimal operation or direct transfer operation. The value in the 
display is flashed. (i.e. ) 

10. Attempting to store, recall, or use other memory operations with 
locations other than 0 through 7. (i.e. 8). 

11. Attempting to find values of functions with entered values outside 
these limits: 


Function Limit 

sin-'x, cos"'x —-l|= x =] 

e* ~ 997 95592 = x =230.25850 
LO* —99 = x <100 

In x 1 x 10-” <|x|/<1] «x 10° 
log x Lx 10-*s x <1 x 10 
LNW) Lx 10** <R 
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, APPENDIX C: 
ERROR CONDITIONS 


ee ee eee ee 

!2. Direct transfer instructions ( (GT) or ) that attemptto branch to 
unassigned label positions. Current display value is flashed. A 
nn key sequence where nn is greater than 49 also produces a 
flashing condition: 

13. Attempting to execute a program past location 49. Current display 
value is flashed. 

14. Attempting tocalculate x or o without entering any data or only 
entering a single data point. 


WHEN Errors Are ENcounteERED WHEN RUNNING A PROGRAM: 


When any of the foregoing errors occur in a program, the program will 
stop and show you a flashing display. This means you've asked the 
calculator to do something in a program that it cannot do — even directly 
from the keyboard. 





APPENDIX D: DISPLAYED 
RESULTS VS ACCURACY 





The basic mathematical tolerance of the calculator is controlled by the 
number of digits it uses for calculations. The calculator appears to use § 
digits as shown by the display, but actually uses 11 digits to perform all 
calculations. Combined with the built-in 5/4 rounding capability, these 
extra digits guard the 8-digit display to improve accuracy. Consider the 
following example in the absence of these guard digits. 

4 x 3 = 99999999 (inaccurate) 


The example shows that] — 3 = .33333333 when multiplied by 3 
produces an inaccurate answer. However, an eleven-digit string of nines 
will round to | when rounded to 8 places. 


The higher order mathematical functions use interative calculations. The 
cumulative rounding error is usually maintained below the 8-digit 
display so that no effect can be seen. The three “guard digits" act to 
protect the display from small cumulative errors. 


Normally, there is no need to even consider these guard digits. In certain 
calculations, however, the guard digits may appear as an answer when 
not expected, Results of two computations may appear to be equal when 
shown in the display, but have an inequality in their guard digits. If these 
two results are subtracted, the calculator may display a nonzero result. 


This fact is especially important when writing your own programs. Ii 
you're testing a calculated result to be equal to another value, such as 
with the ad) EZ) instruction, you may need to take precautions to prevent 
improper evaluation due to the guard digit differences. The key 
sequence “INV | will truncate the guard digits of a result leaving 
only the rounded display value for further use. 


For the standard display, results are accurate for all calculations that do 
not violate the restrictions listed in Appendix C, except as defined below. 


TRIGONOMETRIC FUNCTIONS 


All displayed digits are accurate for a + 36,000 degree range (+200 7 
radians and +40,000 grads). Ingeneral, the accuracy decreases one 
digit for each decade outside this specified accuracy range. An 
exception is the tangent of an odd multiple of +90°, t7/2 radians or 
+100 grads that results in an overilow condition because the function is 
undetined at these points. 


Roots AND POWERS 


There can be some accuracy loss for roots and powers in calculations 
when the base (y) gets very close to 1 and the power (x) gets very large 
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CaLcuLator Key Copes — Usine Actuat Kevsoarp ARRANGEMENT 


Rows 


3 


7 [SST] 


ey 


i 
t 


Bs 


(GTO! 


(SBR) 


RST) 7 


|R/S 


peri | 


or 2 


S6C0TrG 


LUnCIONS) 
ae a ee 


Minus 
Ge 

ot LOTT 
or 

if 

AM 

dau 


% = i 
[No Looe 


(Me Cc a Tats 


oD tap] 


Ca.LcuLator Key Copes in NuMericaL Onper 


rif 
ae 


Fi 
L 


03 
04 
U5 
Ob 
O7 
08 
9 
13 
13 
i4 
le 
lf 


| a 


| 


= 
f 

=) 
i} 


+| 


alae 


a 
a 


] 
or) 


allel 


z 
= 


ALE 3} 


15/8) 


y 


2 
= 


2nd 


a 
=] 


= 


| aind 


= 

= 
AY: 
(a 


FF 
all 


Oo 
Fi 
da! 


29 


29 
30 
a Pi} 
13 
33 


4d 


NY | 
|2nd | 

INV) 
(2nd 
Inv) 
(2nd) 
[STO] 
(RCI 
SUM 
UINW | 


LINW) | 


[2nd | 
[2nd | 


INV | 
[and 
INV] 


(CE | 


| cas | ‘ 
—_ 


[vr] 


5 


f 


: 


ul “ag 


4 
|4 


U6 


89 
R4 


——— 








TYPICAL ANSWERS 
TO“NEXT STOP” PROBLEMS 


(Note: In general, there is no one “right” program answer to any problem situation We 
wi i show one approach here) 





On Sale! Count Off Factorial! 
page 4-1 page 4-3 page 4-6 


OFF /ON_[LRN OFF ON [Ra] 
OFF/ON Sto] 1 (RAS) (and) MON 2 


| Baw 2 (ecil 2 


2 
Oe] G1 2nd) EON [2nd] GEE [2nd] 


(ret} g (0) (=) [Ret] y [¥*) [STO] g 

sto] 5 Rei] 3 |=) [2nd om 

| (SUM 4 Faust apy - 
[RCL] 5 2nd | GTO 

ited 11S] ead) 
[RST] (eq) GEM) ad) 
icRN] [RST] [GTO| 2 





LRN) |RST| 
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KEEP THE CARD ON THE REVERSE SIDE 
(PROOF-OF-PURCHASE DATE) 


@ IMPORTANT : The only applicable warranty conditions are those described in your 
Owner's Manual. 


Please fill in the attached card and send it back to your closest Texas Instruments office. 
(See address on the back side cover of your owner's rari), 


CONSERVEZ AVEC SOIN LA CARTE IMPRIMEE AU DOS 
WJUSTIFICATION DE LA GATE D' ACHAT) 


@ IMPORTANT : Les scules conditions de garantie applicables sont celles décrites dans 
votre manuel d*utilisatienn., 


Veuilles remplir la carte ci-contre et la renvoyer au bureau le plus proche de Teens 
Instruments (adresse sur le des de la couverture de votre manuel d‘utilisation) 


BEWAHREN SIE DIE RUCKSEITIGE KARTE SORGFALTIG AUF. 
(NACHWEIS UBER DAS KAUFDATUM) 


® WICHTIG ; Es gelten nur die in Ihrer Gebrauchsanweisung abgedruckten 
Gewahrletstungsbedingungen. 


Bitte die anhangende Karte sorgfaltig ausfiillen und sofort an die fir Sie rustincdige ‘Temas 
instruments Niederlassung absenden (Adresse siehe Rickseite Bedienungsanleitung}. 


CONSERVATE CON CURA LA SCHEDA STAMPATA SUL RETRO. 
(PROV A DELLA DATA DI ACQUISTO), 


® IMPORTANTE : Le sole condizioni di garanzia valide sono quelle descritte wul vostro 
libretio d'istraxioni. 


Preghiamo nempire ta scheda allegata e spediria al pitt vicino ufficio della Texas 
Instruments (indirizze sul retro della copertina del manuale d'istrunione), 


BEWAAR DE KAART AAN OMMEZLIDE ZORGVULING 
(BEWLIS VAN AANKOOPDATUM), 


® BELANGRIJK ; Van toepassing zijn uitsluitend de in uw gebruikeaanwijzing 
vermelde garantievoorwaarden. 


Gelieve de sangehechte kaart, volledig ingevuld, op te renden aan het voor u 
dichtsthijzijnde kantoor van Texas Instruments (zie adressen op achierzijde van uw 
gebruiksaanwijting). 
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ONE-YEAR-LIMITED WARRANTY 


The TI-57 electronic calculator (including charger) from Texas 
Instruments is warranted to the original purchaser for a period 
of one (1) year from the original purchase date — under normal 
use and service — against defective materials or workmanship. 
ANY IMPLIED WARRANTIES ARE ALSO LIMITED IN 
DURATION TO THE ONE YEAR PERIOD FROM THE ORI- 
GINAL PURCHASE DATE. 


This warranty is void if : the calculator has been damaged by 
accident or unreasonable use, neglect, improper service or 
other causes not arising out of defects in material or 
workmanship. 


TEXAS INSTRUMENTS SHALL NOT BE LIABLE FOR 
LOSS OF USE OF THE CALCULATOR OR OTHER 
INCIDENTAL OR CONSEQUENTIAL COSTS EXPENSES 
OR DAMAGES INCURRED BY THE PURCHASER. 


During the above one year period, the calculator or its defec- 
tive parts will be repaired, adjusted and/or replaced with 
reconditioned model of equivalent quality, 
("REFURBISHED"), at Manufacturer's option, without 
charge to the purchaser when the calculator is returned, pre- 
paid and insured, with proof-of-purchase date, to Texas 
Instruments. UNITS RETURNED WITHOUT PROOF-OF- 
PURCHASE DATE WILL BE REPAIRED AT THE 
SERVICE RATES IN EFFECT AT THE TIME OF 
RETURN. 


In the event of replacement with a reconditioned model, the 
replacement unit will continue the warranty of the original 
calculator product or 90 days whichever is longer. 


IMPORTANT : Before returning your calculator for repair, 
carefully review service and mailing instructions in this 
manual. 


SERVICE CENTERS 


BELGIE - BELGIQUE 

Avenue Edouard Lacomblé, 21 
1040 - Bruxelles Brussel 

Tel. (2) 733 96 23 


CANADA 

41 Shelley Road 
Richmond Hill, Ontario 
Tel. (416) 889 73 73 


DANMARK 
Marielundvej 46 E 
2/30 Herlev 
Tel. (02) 91 7400 


DEUTSCHLAND 
KepserstraBbe 33 
8050 - Freising 
Tel. (08161) 7411 


ENGLAND 

Manton Lane 
Bedford, MK41 7PU 
Tel. (0234) 67466 


ESPANA 
Apartado 98 
Torrejon de Ardoz - Madrid 
Tel. 675 53 00 
675 53 50 


FRANCE 
B.P. 28 
06021 - Nice Cedex 


ITALIA 

Casella Postale 1 

02015 - Cittaducale 

Tel. (0746) 690 34/35/36 


NEDERLAND 
Postbus 43 
Kolthofsingel 8 
Almelo 

Tel. (05490) 63967 


NORGE 
Ryensvingen 15 
Oslo 6 

Tel. (02) 68 94 87 


OSTERREICH 
Marxergasse 10 
1030 - Wien 

Tel. (0222) 72 41 86 


PORTUGAL 

2650 RuaEng , 
Frederico Ulrich 
Moreira Da Maia 
Douro 

Tel, (02) 948 1003 


SCHWEIZ - SUISSE 
AargauerstraBe 250 
8048 - Zurich 

Tel. (01) 64 34 55/56 


SUOMI FINLAND 
P.L. 917 
Freesenkatu 6 
00101 - Helsinki 10 
Tel. (80) 40 83 00 


SVERIGE 

Norra Hamnvagen 3 
Fack 

100 54 Stockholm 39 
Tel. (08) 23 54 80 


TEXAS INSTRUMENTS 


GB. OM 369 3075 


